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PREFACE AND ACKNOWLEDGEMENTS 


Interest in the use of oil and gas structures for artificial reefs has increased significantly in the 
past 10 years, especially after passage of the National Fishing Enhancement Act of 1984 and 
publication of the National Artificial Reef Plan in late 1985. Consequently, the Minerals 
Management Service offered to play a major role in planning, organizing, and chairing a special 
session on Rigs-to-Reefs at the Fourth International Conference on Artificial Habitats for 
Fisheries held November 2-6, 1987, in Miami, Florida. Realizing that the legal, technical, 
social, economic, and biological ramifications of converting offshore structures to permitted 
artificial reefs were of keen interest to artificial reef developers, fisheries administrators, 
scientists, and fishermen, we attempted to organize a session that offered a broad view of 
Rigs-to-Reefs concerns and potentials. Practical information and expert opinion from a broad 
spectrum representing government, industry, academia, environmental groups, and the private 
sector were presented and are included in these proceedings in varying formats made available 
by the authors or session moderators. It is our hope that a complete and separate compendium 
devoted strictly to the proceedings from the special Rigs-to-Reefs session will facilitate 
dissemination and use of this information by those interested in the conversion of petroleum 
Structures for fisheries enhancement and development. 


In addition to the presenters and their co-authors identified in the body of this document, we 
are indebted to the conference chairman, Dr. William Seaman, and his steering committee for 
supporting and encouraging the development of a special Rigs-to-Reefs Session at this 
conference; to Dana Larson of The Rigs-to-Keefs Company for committing his influence, 
reputation, and assistance in organizing, promoting, and cochairing this special session; to 
Greg Ulrich of Amoco and William Dubose of the National Ocean Industries Association for 
moderating subsessions; and we are especially grateful to the Offshore Operators Committee, 
the Amoco Foundation, and the Minerals Management Service for cosponsoring the con- 
ference. 


Additional copies of this compendium are available from the Minerals Management Service, 
Gulf of Mexico OCS Region, Public Information Unit (OPS-3-4), 1201 Elmwood Park 
Boulevard, New Orleans, Louisiana 70123-2394 or by telephone (504) 736-2519 or (FTS) 
680-25 19. 
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Overview 


Mr. Villere C. Reggio, Jr. 
Minerals Management Service 
Gulf of Mexico OCS Region 
New Orleans, Louisiana 
and 
Mr. Dana Larson 
The Rigs-to-Reefs Company 
Houston, Texas 


The discovery and production of oil and gas 
offshore the states of Texas and Louisiana 
have dramatically changed the focus and 
range of offshore fishing in the Gulf of 
Mexico. Between construction of Kerr- 
McGee’s offshore platform in 18 feet (ft) of 
water in 1947 (Ship Shoal Block 32) and the 
installation of Shell’s Cognac platform 
breaking the 1,000-ft depth contour in 1978 
(Mississippi Canyon Block 194), ap- 
proximately 4,000 offshore oil and gas 
production platforms have been attracting 
fish and fishermen in a spec.al fishery extend- 
ing from the Mississippi River Delta to an 
area offshore Padre Island National 
Seashore. When these platforms are situated 
within the range of commercial fishermen, 
recreational fishermen, and scuba divers, 
they frequently become the location of 
choice for better fishing. Logically, this sym- 
biotic relationship resulted because 
production platforms function as easily 
locatable artificial habitats. Other countries 
with offshore petroleum production and an 
abiding interest in their renewable fishery 
resources have also begun to explore the 
fisheries’ conservation and development 
potential of offshore structures. 


Recognizing the benefits of artificial reefs to 
marine fishing, the U.S. Congress enacted 
the National Fishing Enhancement Act of 


1984 (Title 11, PL. 98-623) encouraging the 
planned development of artificial reefs in 
U.S. waters. The National Artificial Reef 
Plan, spawned by this new law, identified oil 
and gas structures as materials of opportunity 
potentially suitable for artificial reef 
development in offshore waters. 


In 1985 the Minerals Management Service 
(MMS) adopted a policy that encourages the 
planned use of obsolete oil and gas structures 
for artificial reefs. Many coastal states and 
several oil and gas companies expressed in- 
terest in the use of petroleum structures on 
artificial reef sites. Louisiana has taken the 
lead in establishing and implementing a pro- 
gram aimed at converting rigs to reefs in 
waters extending from 15 miles to more than 
100 miles off its coastline. 


In line with its artificial reef policy statement, 
MMS played a major role in supporting, or- 
ganizing, and conducting the Rigs-to-Reefs 
Session at the Fourth International Con- 
ference on Artificial Habitats for Fisheries. 
Over 350 participants from 19 countries at- 
tended the Conference held in Miami, 
Florida, in November 1987. These proceed- 
ings are published to share this information 
with anyone interested in the potential, 
limitations, and concerns of making per- 
mitted reefs from petroleum structures. The 
presented papers address some of the physi- 
cal, biological, socioeconomic, tech- 
nological, and legal aspects of capturing the 
fisheries potential of producing petroleum 
platforms and of converting obsolete oil and 
gas structures to reefs. The range of views 
and experiences presented at the conference 
is hereby recorded, as submitted by the 
authors or panel moderators and prepared 
for publication by MMS. 


Offshore Oil Platforms: 
Mini-Ecosystems 


Mr. Paul K. Driessen 
Minerals Management Service 
Washington, D.C. 


Background 


To provide a general overview of the impor- 
tant role offshore petroleum production 
platforms play as artificial reefs, a slide 
presentation was developed featuring 100 
slides of marine life under oil rigs. The 
presentation is also available as an 18-minute 
VHS video tape. 


Biology of Oil Platforms 


For several decades, World War II Liberty 
ships, tires, railroad cars, concrete culverts 
and even toilets, cement-filled beer cases, a 
"Mercedes" and a Rolls Royce have been 
used as artificial reefs in the United States. 
However, the largest and perhaps best man- 
made reef system in the world is composed 
of some 4,000 petroleum production plat- 
forms off the coasts of California, Texas, and 
especially Louisiana. 


During 1986, these platforms produced 
enough oil to run 35 million cars and enough 
natural gas to heat 40 million cold-weather 
homes for the entire year. In the process, 
they also increased local algal and inver- 
tebrate biomass, attracted large numbers of 
pelagic fish, and increased local production 
of many other species of fish. 


A single 200-ft (61 m) platform jacket 
provides several acres of hard substrate that 
fosters the growth of sessile algae, barnacles, 
mussels, anemones, and other attached or- 
ganisms; a platform standing in 800-900 ft 
(250-275 m) of water provides several dozen 
acres. These organisms create hiding places 


for small fish and invertebrates, form the 
base for a highly complex food chain, and 
provide excellent breeding grounds. 


These artificial reefs are especially impor- 
tant off Louisiana, where the Mississippi 
River annually deposits some 300 million 
tons (272 million metric tons) of silt and 
sand. Indeed, the oil rigs provide virtually all 
the hard-bottom habitat off the Bayou State 
in waters less than 400 ft (120 m) deep. How- 
ever, they also play a vital role in the Santa 
Barbara Channel, where four rivers dis- 
charge an average of 5 million tons (4.5 
million metric tons) of sediment a year--or as 
much as 24 million tons (22 million metric 
tons) on a single day (February 25, 1969) 
from the Santa Clara River alone. 


Twenty to fifty times more fish can be found 
under and near oil platforms than in nearby 
soft bottom areas. The jackets’ open struc- 
ture allows fish to move about freely and 
assures an uninterrupted flow of nutrients. 
The size and height of jackets provide naviga- 
tional reference points for fish as well as 
Shelter from currents and predators. 


Because they actually create new ecological 
niches and greatly increase local carrying 
capacity and biomass--especially in the 
photic zone--platforms expand the numbers, 
range, size, and diversity of many highly 
desirable fish and shellfish, without reducing 
fish populations at other natural or artificial 
reefs. They allow species to expand their 
normal ranges and to exist in open ocean 
settings, far from land, where they had been 
unable to exist previously. 


Numerous species of fish and invertebrates 
have been observed beneath Gulf of Mexico 
and California platforms in hatchling, 
juvenile, and nesting stages. LGL Ecological 
Research Associates reports that Gulf of 
Mexico rigs may serve as critical daytime 


habitat for red snapper until they become 
large enough to escape the predatory food 
chain. 


One of the most colorful and prolific plat- 
forms is Unocal’s Platform Alpha, site of the 
1969 Santa Barbara Blowout. Because it has 
never been scraped clean of biofouling or- 
ganisms, it has achieved an almost climactic 
biological state and is covered by several feet 
of mussels, barnacles, scallops, anemones, 
and hydroids. Large schools of mackerel and 
other fish are common; species like rockfish, 
kelp bass, cabezons, and garibaldi fish have 
become permanent residents. 


Recreational and Commercial Benefits 


Some 70 percent of all saltwater sport fishing 
trips greater than three miles from the 
Louisiana coast are to oil rigs. They account 
for a significant portion of the $640 million 
in overall economic benefits estimated to 
result from licensed saltwater recreational 
fishing in that state. 


Commercial longline boats come all the way 
from Florida to land $2 million annually in 
Snapper, grouper, and mackerel from 
Louisiana and even Texas rigs. Commercial 
fish landings in the Gulf of Mexico have risen 
from 570 million tons ($17 million metric 
tons) in 1950 to a record 2,500 million tons 
(2.268 billion metric tons) in 1985--even as 
the number of platforms increased from a 
few hundred to over 4,000 in the same 
period. Although much of this Gulf catch is 
menhaden, it also includes 80 percent of the 
nation’s shrimp harvest, 40 percent of its 
oysters, and significant commercial hauls of 
seatrout, pompano, snapper, grouper, and 
mackerel. 


Off California, Ecomar Marine harvests over 
10,000 Ib (4,500 kg) of succulent mussels 
from jacket legs every week for sale to res- 


taurants in a half-dozen states. Tests by the 
U.S. Food and Drug Administration and 
California Department of Public Health 
have consistently found that the oil rig mus- 
sels contain much lower levels of oil, metals, 
and other pollutants than do mussels taken 
from California’s cleanest bays. 


The reason for these lower levels is that pol- 
lution from platforms has been greatly 
reduced by major regulatory ar d technologi- 
cal changes implemented in 1970. Petween 
January 1971 and December 1986, America 
has produced over 5.5 billion barrels of oil 
from the Outer Continental Shelf, while 
spilling only 60,000 barrels in accidents--850 
of them in blowouts. 


During that same 16-year period, tankers lost 
nearly 2 million barrels; rivers carried over 
25 million barrels into the Gulf of Mexico: 
natural seeps emptied over 2 million barrels 
into the Santa Barbara Channel; and 
municipal wastewater treatment plants from 
San Luis Obispo through San Diego dis- 
charged nearly 5.5 million barrels of oil, 
along with thousands of tons of phosphorus, 
pesticides, sludge, bacteria, metals, and 
chemicals. The city of Los Angeles’ Hyper- 
ion Wastewater Treatment Plant alone 
discharged over 2 million barrels of oil and 
grease, 4 million tons (3.6 million metric 
tons) of sludge, and 10,000 tons (9,000 metric 
tons) of trace metals (e.g., cadmium, lead, 
zinc, copper, arsenic) during this period 
(tabl. 5 1-3). 


Rigs to Reefs 


The removal of almost half of the Gulf’s oil 
Structures during the next 15 years could 
mean Louisiana will lose the majority of its 
hard-bottom habitat by the end of the cen- 
tury, unless some of the rigs can be converted 
into permanent steel reefs. The high cost of 
rig removal (an estimated $7.5 billion by 


2020) and the interest of other States in these 
reefs are also giving impetus to a new rigs- 
to-reefs program and efforts to resolve 
remaining issues and prevent the loss of 
these invaluable and irreplaceable habitats. 


The Bayou State has already enacted rigs-to- 
reefs legislation and is actively engaged in 
siting the first platforms under its Louisiana 
Artificial Reefs Initiative. Texas has begun 
work on similar legislation. 
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Table I 


Sources of Oil Pollution in U.S. Waters (barrels) 
January 1, 1971 - December 31, 1986 
(OCS = Outer Continental Shelf) 


Accidental spill on the California OCS 

OCS blowouts (nonc in California) 

Providence, RI, motorists changing own 

crankcase oil and disposing # impropcrly 

California OCS opcrations (all causes) 

OCS operations throughout the U.S. (spills) 
Tankers (crude oil and product) 

Los Angeles’ Hypcrion Wastewater Treatment Plant 
California natural oil seeps 


13 Cakfornia wastewater treatment planis 
(San Luss Obispo through San Diego) 


Rivers emptying into the Gulf of Mexico 


Table 2 


Southern California Drilling Discharges (tons) 
January 1, 1971 - December 31, 1986 
(Based on actual drilling footage for 653 wells) 


Total drilling fluids and cuttings 


Water and bentonite clay 
Baritc 

Well cuttings (rock chips) 
Lignite (soft coal) 
Chrome lignosulfonate 
Misccllancous chemicals 


Table 3 


Southern California Coastal Pollution by Source (tons) 
January 1, 1971 - December 31, 1986 


Total drilling fluids and cuttings 
®@ Chemicals of greatest concern 


Hyperion Wastewater Treatment Plant (Los Angeles) 


@ Sludge and suspended solids 

@® As, Ca, Cr, Cu, Pb, Ni, Ag, Zn, etc 
13 treatment plans (San Luis Obispo - San Diego) 

@ Suspended solids 

@® As, Ca, Cr, Cu, Pb, Ni, Ag, Zn, etc. 


Pollution discharges from 4 southern California rivers 


@ Silt and sand 


@ Ohl and trace metals from 4 southern California rivers 


@ Pesticides, fertilizers, and bacteria 


Ww 
850 


4,800 
26,600 
64.00 

2,000,000 
2,100,000 
2,400,000 


5,000,000 
25,000,000 


485,000 


267,000 
184,000 
19,000 
5,000 
5,000 
5,000 


485,000 
2,000 


4,7000,000 
10,000 


4,100,000 
29,000 


65,000,000 
7? 
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Development of the Louisiana 
Artificial Reef Program 


Dr. Charles A. Wilson 
Coastal Fisheries Institute 
Center for Wetland Resources 
Louisiana State University 
Baton Rouge, Louisiana 
and 
Ms. Virginia R. Van Sickle 
Louisians Geological Society 
Louisiana State University 
Baton Rouge, Louisiana 


Soon after the first oil and gas production 
platforms were installed off Louisiana in the 
late 1930's, fishermen realized that the struc- 
tures abounded in fishery resources. As the 
destination of up to 75 percent of all fishing 
trips off Louisiana, pub « . the waters 
directly associated wit’ *:ese platforms be- 
came a way of life and noaplace that 
many citizens and management groups 
believed that they were “permanent” and 
would always be available. However, this 
was not the case. The Marine Board of the 
National Research Council reported that 470 
structures had already been removed from 
Louisiana’s coast by 1985, and that, by the 
year 2000, 40 percent (1,625) of the remain- 
ing oil and gas structures in the Gulf of 
Mexico will have been removed (Lee, 1985). 


Concurrent with public concern over the loss 
of oil and gas structures, the National Fishing 
Enhancement Act (NFEA) of 1984, intro- 
duced by Congressman John Breaux, be- 
came law. The NFEA established national 
standards for the development of artificial 
reefs, called for the creation of a national 
artificial-reef plan under the leadership of 
the Department of Commerce, and provided 
for a government-coordinated, national per- 
mitting system for artificial reefs under the 
U.S. Army Corps of Engineers (COE). Par- 
ticularly important to this program is Section 


205 of the NFEA, which delineated and 
limited liability of the permittee and donors 
of materials used for artificial reefs. 


Louisiana was at the point where it needed 
| torecognize the potential loss of these struc- 
tures and to plan to offset it either by creating 
new artificial-reef habitats or by preserving 
those that already exist under the guidelines 
outlined by the NFEA. For these reasons, an 
informal ad hoc group, the Louisiana Artifi- 
cial Reef Initiative (LARI) was formed in 
1985, consisting of university, State, Federal, 
and industry representatives, to institute an 
artificial-reef program for Louisiana. 


The National Artificial Reef Plan, which was 
mandated by NFEA, was circulated around 
the time of LARI’s formation. It provided 
guidance for planning, siting, constructing, 
permitting, installing, monitoring, managing, 
and maintaining artificial reefs and en- 
couraged states to become involved in 
planning and developing artificial reefs 
within and seaward of state jurisdictions. 


The NFEA laid the groundwork for states to 
develop artificial-reef programs. The need 
and mechanism for state programs were left 
up to individual states. In response, the par- 
ticipants of LARI developed criteria 
establishing a need for a state program. 


The first step in developing a state reef pro- 
gram was to provide authority for the 
Louisiana program by establishing ap- 
propriate legislation. The Louisiana Fishing 
Enhancement Act (Act 100-1986), signed 
into law on June 25, 1986, provided for the 
following: 


1. Establishment and administration of 
the Louisiana Artificial Reef 
Development Program. 


Nm 


. Creation of the Louisiana Artificial 
Reef Council to oversee program ac- 
tivities. 


o>) 


. Delineation of the roles of the par- 
ticipants. 


4. Establishment of the Artificial Reef 
Development Fund to drive the pro- 
gram. 


‘Ss 


Establishment of the State of 
Louisiana as the permittee for artifi- 
cial reefs developed under the plan 
and appointment of the Louisiana 
Department of Wildlife and Fisheries 
as agent for the State. 


6. Relief for the State, donors, and other 
participants in the program from 
liability, provided that the terms and 
conditions of the Federal artificial 
reef permits are met. 


7. Development of the Louisiana Artifi- 
cial Reef Development Plan and for 
its legislative approval (Wilson et al., 
1987). 


In response to Act 100 and to assure proper 
program development, a plan was drafted. 
The plan contained the legal, technical, so- 
cial, and economic aspects of permitting, 
constructing and maintaining artificial reefs 
in State and Federal waters off Louisiana 
(Wilson et al., 1987). 


The State plan, approved by the Louisiana 
Artificial Reef Council and the Senate and 
House Natural Resources Committees after 
a series of public hearings throughout the 
Louisiana coastal area, has been imple- 
mented under the leadership of the 
Louisiana Department of Wildlife and 
Fisheries (LDWF). 


Materials are to be evaluated for use as ar- 
tificial reefs on a case-by-case basis by 
consensus of the Louisiana Artificial Reef 
Council. A donation agreement will then be 
signed by the Secretary of the LDWF or his 
designee and an authorized representative of 
the company, organization, or individual 
donating the reef materizi. 


Artificial reefs will be sited within planning 
areas on the basis of the best available infor- 
mation regarding bottom type, currents, 
bathymetry, and other factors affecting the 
performance and productivity of a reef. The 
precise design and location of reef complexes 
will also depend upon the physical dimen- 
sions of the donated materials. Retired oil 
and gas structures will be the primary 
material available for reef construction off 
the Louisiana coast. 


Pursuant to the Louisiana Fishing Enhance- 
ment Act, three entities will be the primary 
participants in Louisiana’s Artificial Reef 
Program: the LDWF, the Louisiana 
Geological Survey (LGS) at LSU, and the 
Center for Wetland Resources (CWR) at 
LSU. 
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Abstract 


Recreational fishing use patterns associated 
with offshore platforms off the Louisiana 
coast were investigated using a survey and a 
log book program. The survey was designed 
to determine how far avid recreational 
anglers and divers would travel to the oil and 
gas structures. The log book program was 
designed to record catch and effort data from 
fishermen utilizing oil and gas structures. 


In 1986 and 1987 an oil and gas platform-use 
questionnaire was distributed to recreational 
angling and scuba diving groups. Informa- 
tion gathered from this study included boat 
length, horsepower, equipment present, 
number of trips per year, port of departure, 
areas utilized, and the species of fish sought 
and caught. 


Anglers’ boats were equipped with a higher 
percentage of echosounders and graph re- 
corders while divers’ boats were equipped 
with a higher percentage of LORAN (Long 
Range Navigation) units. Distance traveled 
offshore and party size for divers were 
greater than for recreational anglers. Boat 
length and horsepower were not different 
between the two groups. Anglers utilized 
more species of fish than divers. Boat length, 
horsepower, party size, distance traveled, 
and amount of electronic equipment 


1] 


generally increased from east to west across 
Louisiana for both anglers and divers. 


In 1987 a log book program for offshore 
recreational anglers was initiated by the 
Coastal Fisheries Institute at Louisiana State 
University (LSU). This study ascertained 
use patterns and catch effort data from the 
log book participants for offshore oil and gas 
platforms. Catch per unit effort (number of 
fish caught/angler hour), or CPUE, for bot- 
tom fishing at or near oil and gas structures 
by recreational anglers was 2.32, and 0).94 
while trolling near oil and gas platforms. 


Introduction 


Offshore fishing and recreational diving by 
Louisiana sporismen are centered around 
the oil and gas platforms. It has been es- 
timated that oil and gas platforms are the 
destination of approximately 37 percent of 
all saltwater recreational angling trips (Wit- 
zig, 1986) and over 70 percent of all 
recreational angling trips in the Exclusive 
Economic Zone (more than 3 miles from 
shore) in Louisiana (Reggio, 1987). Oil and 
gas platforms are a valuable resource for 
recreational divers in the state (Roberts and 
Thompson, 1983) since there are few suitable 
hard bottom areas or natural reefs off the 
Louisiana coast, the nearest natural reefs 
being located at least 75 miles offshore. A 
recent survey by LSU of the 1987 Grand Isle 
Tarpon Rodeo in Louisiana indicated at 100 
percent of all fish entered in the spearfishing 
category were speared at or near oil and gas 
structures (Stanley, unpublished). 


The importance of platforms as de facto ar- 
tificial reefs in Louisiana cannot be 
overemphasized. Without these structures, 
offshore sport fishing opportunities in 
Louisiana would be greatly reduced (Dugas 
et al., 1979). Because of the importance of 
the existing oil and gas structures to offshore 


fishing and recreationai diving, and in con- 
sideration of the inevitable removal of these 
structures, the Louisiana Artificial Reef In- 
itiative (LARI)} was formed in 1984 to 
develop an artificial reef program using 
retired oil and gas structures (Wilson et al., 
1987). The artificial reef program and sub- 
sequent pian were developed by LARI under 
the guidelines outlined in the Sport Fishing 
Institute’s Artificial Reef Planning Guide 
(Ditton and Bonner Burke, 1985). An im- 
portant consideration in the siting of 
artificial reefs is the determination of user 
group patterns (Parker et al., 1974; Myatt and 
Ditton, 1988; Gordon and Ditton, 1986). As- 
certaining user group preferences 
concerning oil and gas structures will help to 
ensure proper site selection of future artifi- 
cial reefs. 


Other studies have profiled segments of off- 
Shore fishing in Louisiana. In a Minerals 
Management Service (MMS) study, person- 
nel on oil and gas structures were utilized to 
maintain daily records on the number of 
boats, boat length, number of people per 
boat, user activity, type of fishing, suspected 
target species, and the number of oil and gas 
personnel who fished from the platform. 
Ditton and Auyong (1984) found that off- 
shore fishing in Louisiana was not evenly 
distributed along the coast, but was depend- 
ent upon population” densities, 
transportation links, and fishing infrastruc- 
ture. The distance from shore to platforms 
utilized by offshore fishermen and divers in- 
creased from east to west in the MMS study 
area, and the distances to the platforms util- 
ized by recreational divers were greater than 
those platforms used by anglers (Ditton and 
Auyong, 1984). 


Reports on temporal use patterns of oil and 
gas structures were conflicting: a study by 
Witzig (1986) indicated that March and April 
were the most popular months for fishing oil 


and gas structures, while Ditton and Auyong 
(1984) found that recreational divers and 
anglers were most prevalent around the 
Structures on weekends from May to August. 
Temporal use pattern results of recreational 
divers from Roberts and Thompson (1983) 
agreed with the Ditton and Auyong study. 


Various studies indicate catch composition 
and target species of recreational fishermen 
include snapper (Lutjanidae), seatrout 
(Cynoscion sp.), Atlantic croaker 
(Micropogonias undulatus), king mackerel! 
(Scomberomorus cavella), and cobia 
(Rachycentron canadum ) (Dugas et al., 1979; 
Ditton and Auyong, 1984; Witzig, 1986). 
Recreational diver catch consisted mainly ot 
red snapper (Lutjanus campechanus), 
grouper (Serranidae), and greater amberjack 
(Seriola dumenili) (Roberts and Thompson, 
1983). 


The purpose of this study was to profile the 
avid recreational anglers and divers that util- 
ize the offshore oil and gas structures that 
function as artificial reefs; therefore, it is not 
a representation of all recreational anglers 
and divers off the Louisiana coast. The goals 
of this study were to determine the tollowing: 


l. the most popular areas containing oil 
and gas structures utilized by recrea- 
tional anglers and divers and the the 
distances traveled to the structures; 


2. the ports traditionally used by the 
recreational anglers and divers; 


3. the species of fish sought by the user 
groups, the species of fish they nor- 
mally catch, and their catch rates; and 


4. the size of the boats, horsepower, and 
the amount of electronic equipment 
used by each group. 


Methods 


The data collection method for the study 
consisted of distributing the survey to coastal 
Louisiana recreational fishing and diving 
groups and to participants in coastal fishing 
tournaments. The survey was also published 
in a Louisiana sport fishing magazine. Off- 
shore recreationzi anglers and divers were 
asked to complete tie form and mail it to the 
authors. 


Surveys were distributed from October 1986 
to August 1987. Participating platform 
fishermen and divers were asked to list boat 
characteristics (i.e., length, horsepower, and 
elecironic equipment), the average number 
of anglers or divers in their party, the five 
lease blocks (platform areas) most frequent- 
ly fished, the five mosi frequently used ports, 
the average number of trips per year to oil 
and gas platforms, the species of fish sought, 
and the species of fish caught. They were 
also asked to rank seasons by the relative 
amount of activity conducted. The one-way 
distance from the respondents’ most fre- 
quently used port to the lease blocks fished 
was calculated from a Louisiana Department 
of Natural Resources map (La. Dept. of 
Natural Resources, 1981). Straight line dis- 
tances from the oil and gas structures to 
shore were obtained from MMS records. 


Data from offshore fishermen were collected 
from March to June 1987 using log books. 
Information from the log bocks included 
number of anglers, structure fished (i.e., 
name of lease area, lease block number, and 
Structure identification code), fishing 
method (i.e., bottom fishing or trolling), and 
the number and species of fish caught. All 
log book participants completed a survey. 
The angler log book design was based on the 
Lake Erie Angler Diary Program (Sztramko, 
1986) and log book criteria outlined by 
Demory and Golden (1983). 


Analysis of variance using software from SAS 
Institute, Inc., was used to determine dif- 
ferences in boat length, engine horsepower, 
the distance from the ports to the lease 
blocks fished, and the straight line distance 
from shore to the oil and gas structures be- 
tween the user groups and between the 
different regions. 


Results 


The study area was divided into three regions 
according to criteria outlined by Ditton and 
Auyong (1984). The regions were the Delta 
Region, extending from South Pelto and 
South Timbalter Lease Areas east to the 
Main Pass Lease Area; the Bay Region, ex- 
tending from the Ship Shoal Lease Area west 
to the Vermilion Lease Area; and the 
Cameron Region, which encompasses the 
West and East Cameron lease areas (figure 


1). 


A total of 244 usable replies were received 
from the survey. Offshore angler and boat 
characteristics are summarized in table 1. 
Mean boat length, average number of trips 
per year, and percentage of boats having an 
echosounder increased trom west to east 
across coastal Louisiana for offshore anglers. 
The mean number of anglers per trip and 
percentage of boats having graph recorders 
and Loran equipment increased from east to 
west across coastal Louisiana for offshore 
anglers. The season of greatest use was the 
summer (i.e., June to August) for all regions. 


The survey results from recreational divers 
were homogeneous across the three regions 
of coastal Louisiana (table 2). The only dif- 
ferences noted were in mean number of trips 
per year, which increased from west to east, 
and the percentage of boats having Loran 
equipment and graph recorders, which in- 
creased from east to west. 


Comparison of angler and diver charac- 
teristics revealed that mean boat length was 
larger for divers than anglers although the 
differences were not statistically significant 
(F =0.74, P > 0.391). Mean boat horse- 
power was Slightly greater for anglers than it 
was for divers, but again the difference was 
not significant (F = 0.59, P > 0.449). 


The most popular species of fish (unranked) 
sought and caught by anglers were grouper, 
cobia, snapper, red drum, spotted seatrout, 
king mackerel, other seatrouts, and greater 
amberjack (table 3). Regional differences in 
species of fish sought and caught are ap- 
parent: king mackerel, snapper, dolphin, 
bluefish, and greater amberjack were more 
popular in the Cameron Region than in the 
other two regions; spotted seatrout and other 
seatrouts were most popular in the Bay 
Region, while Atlantic croaker and Spanish 
mackerel were most popular in the Delta 
Region. 


Recreational divers most frequently sought 
and caught (unranked) grouper, cobia, snap- 
per, greater amberjack, and red drum (table 
4). Strong regional differences were 
detected, with grouper and greater amber- 
jack being most popular in the Delta Region. 
Red drum and other seatrouts were most 
popular in the Bay Region, and dolphin was 
most popular in the Cameron Region. Com- 
parison of the target species of fish between 
anglers and divers reveals that divers were 
much more selective in the species they har- 
vested. Generally, the capture percentage of 
a particular species was less than the seeking 
percentage from each user group, indicating 
the user groups were not always successful in 
harvesting their desired target species. Ex- 
ception to this were less desirable species 
(e.g., black drum, Atlantic croaker, bluefish, 
shark, and Spanish mackerel) (tables 3 and 
4). 


The same ports were used by both offshore 
anglers and recreational divers. There were 
12 ports used by the majority of the survey 
respondents (table 5). Ports in the Delia 
Region were used by the highest percentage 
of both anglers and divers, with ports in the 
Cameron and Bay Regions declining in per- 
centages, respectively. 


Lease areas in the Delta Region were the 
destinations for a majority of the recreational 
anglers and divers surveyed, with those in the 
Bay Region second and those in the Cameron 
Region third (table 6). The most popular 
lease areas for divers were Main Pass, West 
Delta, South Timbalier, and Ship Shoal. The 
most popular lease areas for offshore anglers 
were West Delta, South Timbalier, Ver- 
milion, and West Cameron. The one-way 
distances traveled by recreational anglers 
and divers from port to their favorite lease 
blocks increased from east to west (table 7); 
however, the distances traveled by anglers 
between the three regions were not sig- 
nificantly different (F = 0.66, P > 0.5184). 
The one-way distances traveled by divers 
from port to their favorite lease blocks were 
significantly different from region to region 
(F =7.56, P >0.0009). The mean straight 
line distance from shore to oil and gas struc- 
tures (table 8) increased significantly from 
east to west for divers (F = 7.16, P > 
0.0012); however, the distances were not sig- 
nificantly different between regions for 
recreational anglers (F = 0.24, P > 
0.7887). 


A comparison of the one-way distances 
traveled from port to lease blocks between 
recreational anglers and divers over the 
three regions revea'ed that divers traveled 
Significantly farther than did the anglers 
(F =5.01, P > 0.0002). The straight line 
distance to the oil and gas platforms utilized 
by divers was significantly greater than the 
Straight line distance traveled by offshore 


anglers for the three regions (F = 11.21, P > 
0.0009). 


Thirty-eight leg books were returned by off- 
Shore anglers for the reporting period of 
March to June 1987. The average CPUE 
(number of fish caught/angler per hour) for 
bottom fishing at oil and gas platforms was 
2.32, and 0.94 for trolling near oil and gas 
platforms. The species of fish most often 
caught by the log book participants around 
oil and gas structures were greater amber- 
jack, cobia, bluefish, Atlantic croaker, 
dolphin, grouper, king mackerel, red snap- 
per, red drum, sharks, spotted seatrout, 
triggerfish (Balistidae), and other seatrouts. 


Discussion 


The results of the survey indicate that 
average boat length, average total horse- 
power, season of greatest activity, ports 
utilized, and the amount of electronic equip- 
ment were homogeneous between offshore 
anglers and recreational divers and across 
the three study regions. Differences across 
the three regions and between the two 
groups were detected in the average number 
of trips per year, average party size per trip, 
species of fish utilized, the one-way travel 
distance from port to the most frequently 
used lease blocks, and the straight line dis- 
tance to the structures from shore. 


The width of the Continental Shelf increases 
from east to west in Louisiana, forcing 
recreational anglers and divers to travel far- 
ther offshore in the west to water depths 
where desired fish species can be found. 
Greater distances were traveled by recrea- 
tional divers than by anglers because 
underwater visibility tends to increase with 
distance offshore and the main target species 
of divers (snappers and groupers) are found 
in deeper waters. 


The larger number of fish species utilized by 
anglers as compared to the number used by 
divers is a result of the gear used. Using rod 
and reel, anglers cannot be as selective about 
the fish they capture as can divers who use 
spearfishing gear. Furthermore, the habits 
of certain species may preclude their harvest 
by divers. 


Regional differences in the popularity of cer- 
tain species of fish with anglers and divers are 
the result of variations in regional abundance 
and the differing local tastes. With the ex- 
ception of large triggerfish catches reported 
by the log book participants, comparison be- 
tween the two showed that reported catch 
composition of fish from the survey and the 
log books did not differ. Since triggerfish are 
not highly sought after, survey respondents 
may have overlooked reporting catches of 
this species. 


The increase in the average number of trips 
per year from west to east for both anglers 
and divers may be related to the average 
distance traveled per trip. Because anglers 
and divers in the Delta Region travel shorter 
distances offshore than do their counterparts 
in the west, they are able to make more trips 
per year. 


Both ports and lease blocks in the Delta 
Region were used by the greatest number of 
anglers and divers. These results are not 
surprising since parishes surrounding the 
Delta Region have the highest population 
densities (Ditton and Auyong, 1984). The 
group of ports most heavily utilized as ob- 
served from our study agrees with the list of 
ports utilized by recreational anglers trom 
Dugas et al. (1979). 


A comparison between our results and those 
of similar studies reveals a number of dif- 
ferences. Results from our study show that 
mean boat length was larger than in those 


Studies by Ditton et al. (1980) and Ditton and 
Auyong (1984). Offshore anglers from our 
study also had more electronic equipment 
and larger average horsepower than did 
anglers from a study in the Galveston Bay 
area by Ditton et al. (1980). The results from 
our study indicate that the straight line dis- 
tance from shore to the oil and gas platforms 
traveled by anglers and divers was much 
larger than those reported in the Ditton and 
Auyong (1984) study. Also, the total trip 
length for a typical offshore fishing trip from 
the Gordon (1986) study was 60.8 mi (97.8 
km) while our results indicate the average 
platform fishing trip length was much longer 
than this. 


The difference between this study and the 
others is in their scope. This survey was 
designed to profile avid recreational anglers 
and divers while the other two were cross- 
sections of the user groups. The values of 
average one-way distance traveled from the 
ports to the lease blocks obtained from this 
study will be considered by LARI as maxi- 
mum travel distances for the respective user 
groups to future artificial reef development. 


Since Witzig (1986) used catch per trip as his 
harvest index, meaningful comparisons with 
CPUE values from this study cannot be 
made. The CPUE was 7.55 from a study by 
Dugas et al. (1979) for recreational anglers 
bottom fishing at oil and gas structures. Our 
CPUE data from the log book program is 
limited in scope because of the short report- 
ing period and small sample size, although 
we are continuing the log book program in 
order to gather more accurate results. 


The results from this study indicate that the 
recreational anglers and divers utilizing oil 
and gas structures off the Louisiana coast 
have relatively large, fast boats with a sub- 
stantial amount of electronic equipment. 
The average one-way distance traveled by 


the user groups was at least 38.5 mi (62 km) 
to the oil and gas structures, and this distance 
increased from east to west and from anglers 
to divers. The dominant species of fish 
sought by the user groups were grouper, 
snapper, cobia, greater amberjack, red drum, 
spotted seatrout, and king mackerel. A 
majority of the anglers and divers utilized 
ports and lease blocks in the Delta region. 
By profiling the avid recreational anglers and 
divers who utilize oil and gas structures, we 
can determine the design and location fac- 
tors that would lead to an effective artificial 
reef program in Louisiana for those user 
groups. 
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Figure |. The three regions of the Louisiana offshore study area. 


Table 1 


Summary of the Survey Resuits on Boat and User Characteristics 
of Louisiana Offshore Recreational Anglers 


Cameron Bay Delta All 
N »” 2» yy? 155 
Mean boat 
length (m) 7.28 21.39 762 2 167 7322234 7.71 = 207 
(+ SD) 


Mean engine 


horsepower 294.83 + 142.38 


(+ SD) 


Mean number 
anglers/trip 56 


Mean number 
trips/year 17.0 


Electronic equipment (%) 
Compass 100.0 
Echosounder 32.1 
Graph recorder 82.1 
Loran 67.9 


Scason of 
highest use Summer 


31700 = 1%59 


43 


1746 


38.5 


50.0 


61.5 


Summer 


ZRR.RY > 182.60 


19.0 


95.9 


$0.0 


46.4 


S36 


Summer 


293.80 = 167.43 


45 


18.3 


$7.2 


Summer 


Tat! 2 


Summary of the Survey Results on Boat and User Characteristics 
of Louisiana Offshore Recreational Divers 


Region 
Cameron Bay Delta All 

N 25 10 S4 xo 
Mean boat 

length (m) R10 > 1.63 7.742 197 8.17 2.80 8.09 2.37 

{+ SD) 
Mean cnginc 

horsepower 1.272 WS87 WR.SO = 143.95 265.56 = 164.87 230.19 + GO.BS 

{+ SD) 
Mean number 

anglcrs/irip V2 46 $.7 6.0 
Mean number 

trips ycar 16.4 220 4 44 
Electronic equipment (%) 

( OM Pass 1OO0 100.0 YR] OXY 

Echosounder 250 G0 45.3 41.4 

Graph recorder SA.3 40.0 iH 46.0 

Loran 62.5 70.0 6&0 65.5 
Scason of 

Summer 


highest ux Summer Summer Summer 


20 


Table 3 


Species of Fish Sought after and Caught from the Survey Results 
by Louisiana Offshore Recreational Anglers 


Region 
Species Bay Cameron Delta Ali 
S (%)* C(%)** S(%) C(%) S(%) C(%) S(%) C(%) 
Grouper 24.1 20.7 21.1 21.1 31.9 26.6 28.6 245 
(Serranidae) 
Cobia 44.5 41.4 42.1 26.3 44.0 %.2 43.6 35.7 
(Rachycentron 
canadum) 
Snapper O91) 72.4 84.2 84.2 $6.0 46.8 62.1 56.6 
(Lutyanidac) 
Red drum 44.8 48.3 26.3 26.3 42.9 41.5 41.4 413 


(Sciaenops 
ocellatus 
Spotied seatrout 34.5 414 10.5 1S.8 17.6 18.1 20.7 23.1 
(Cynoscion 
nebulosus ) 


King mackerel 37.9 27.6 $7.9 47.4 24.2 23.4 31.4 27.3 
(Scomberomonis 
cavalla) 

Black drum $3 1.1 43 3.5 
(Pogonias 
cromus ) 

Other seatrouts 24.1 27.6 $.3 25.3 25.5 21.4 23.1 
(Cynoscion sp.) 

Atlantic croaker $3 10.5 99 10.5 71 8.4 


(Micropogonias 
undulatus ) 
Dolphin 3.4 3.4 15.8 26.3 7.7 8.5 79 98 
(Cornyphaena 
hippurus ) 


Blucfish 3.4 6.9 §3 15.8 2.2 $3 2.9 7.0 
(Pomatomus 
saltatnix) 
Shark 3.4 $3 $3 2.2 11.7 2.1 9.1 
(Elasmobranchii) 
Spanish mackerel 3.4 10.3 10.5 21.1 11.0 10.6 93 11.9 
(S. maculatus) 
Greater Amberjack = 10.3 13.8 316 86316 23.1 20.2 21.4 20.3 
(Senola ‘ 


dumenit) 


*$(%)— percent of respondents secking the specics. 
** C(%)— percent of the respondents catching the species. 


Table 4 


Species of Fish Sought after and Caught from the Survey Results 
by Louisiana Offshore Recreational Divers 


Region 
Species Bay Cameron Delta All 
S (%)* C(%)** S(%) C(%) S(%) C(%) S(%) C(%) 

Grouper 40.0 30.0 33.3 33.3 87.5 708 71.4 58.6 
(Serranidac) 

Cobia 60.0 60.0 66.7 $8.3 68.8 58.3 67.1 58.6 
(Rachycentron 
canadum) 

Snapper 90.0 100.0 91.7 100.0 91.7 77.1 91.4 84.3 
(Lutjanidac) 

Greater Amberjack 20.0 30.0 25.0 33.3 60.4 56.3 48.6 48.6 
(Senola 
dumenii) 

Red drum W.0 40.0 8.3 8.3 18.5 20.8 18.6 21.4 
(Sciaenops 
ocellatus 

King mackerel 50.0 = §=30.0 41.7 33.3 8.3 6.3 20.0 12.9 
(Scomberomorus 
cavalla) 

Spotted seatrout 20.0 20.0 16.7 16.7 8.3 10.4 11.4 12.9 
(Cynoscion 
nebulosus) 

Other seatrouts 50.0 50.0 0.0 0.0 2.1 2.1 8.6 6.6 
(Cynoscion sp.) 

Dolphin 0.0 0.0 25.0 25.0 2.1 2.1 5.7 5.7 
(Coryphaena 
hippuris) 

Shark 0.0 0.0 0.0 16.7 8.3 4.2 7A 5.7 


(Elasmobranchii) 


*$(%)— percent of respondents secking the species. 
** C(%)— percent of the respondents catching the species. 


Table 5 


Ports Utilized by Recreational Fishermen and Divers in Louisiana 


Respondents Using the Port 


Region Port Diver (%) Angler (%) 
Delta Cir 17.4 14.5 
\ 13.0 10.7 
Port Fourchon 13.0) 5.4 
( 4 4s 
cm S4 6.9 
Port | 10 4.2 
Hoy 10 34 
Ba r Bavou 41) } 
\! iu bey | 3.6 ; 
‘ ! P Tl Point 33 ~ 
Cameror } | 
Other 16.0 ») 
100) Tene 
Table 6 
Lease Blocks Utilized by Recreational Anglers and Divers in Louisiana 
Respondents Using the Lease Block 
Region Port Diver (%) Angler (“) 
Delta West D 194 3 1 
‘ fr TT I 1s | | 
Main P 12.3 4 
Csrand | §3 } 3 
South | 2) 1 
SO) | bP | ().4 | 
! si na 
Bay ‘/ 4 Nhoal IX s Q 
\ Tl} i] 3 ] ‘ 
Eugene Island 49 
South Marsh Island 40) +4 
Cameron West Cameron 43 } 
East Cameron 2.6 10] 
3 101.5 


Table 7 


Mean One-way Distances (+ SD) Traveled to Lease Blocks 
from the Respondent’s Port of Departure 


Region Divers (km) Anglers (km) 
Delta 73.43 + 25.93 62.70 + 30.84 
Bay 83.74 + 48.81 78.71 + 40.93 
Cameron 141.68 + 127.53 83.03 + 41.43 
Table 8 
Mean Straight-line Distances {+ 1 SD) of Oil and Gas Structures to Shore 

Region Divers (km) Anglers (km) 
Delta 42.79 + 35.63 53.56 = 37.40 
Bay 55.35 + 33.83 46.93 + 27.18 
Cameron 122.54 + 74.61 


65.54 + 45.28 
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Abstract 


This paper describes the techniques and 
methodology used to select sites for obsolete 
oil and gas platforms converted into artificial 
fishing reefs, and provides an overview of 
geological and technological constraints to 
artificial reef emplacement on the Louisiana 
outer continental shelf (OCS). High-resolu- 
tion geophysical data, geotechnical 
(foundation) borings, cores and grab 
samples, and cartographic data are used to 
identify and assess the constraints within 
proposed reef sites. Maps that outline the 
location or distribution of constraints or 
other activities to reef emplacement are used 
to assist in selecting specific reef sites. 


Introduction 


Obsolete oil and gas platforms are used as 
artificial fishing reefs in Louisiana because of 
their abundance, structural design and 
durability, and proven ability to attract large 
numbers and diverse species of fish. This 
paper describes the techniques and 
methodology used to select sites for obsolete 
oil and gas platforms as fishing reefs, and 
provides an overview of geological and tech- 
nological constraints to placement of the 
structures on the Louisiana OCS. 


In most cases, the Louisiana OCS poses no 
unusual engineering problems for siting of 
offshore production platforms (Ploessel and 
Campbell, 1980). This is also true for siting 
abandoned platforms as fishing reefs under 
most circumstances. Most of the Louisiana 
OCS is characterized by undeformed, flat- 
lying, or gently dipping strata with seafloor 
slopes typically less than one percent and low 
sedimentation rates, except near the Missis- 
sippi delta (Ploessel and Campbell, 1980). 


However, the Louisiana continental shelf 
and slope are characterized by numerous 
near-surface geologic features that pose con- 
Straints to reef siting activities. By industry 
standards, these features are generally con- 
sidered constraints (rather than hazards) 
because, although they present difficulties 
for environmentally sound, engineered con- 
Struction, their effects can be mitigated by 
proper design and construction (Kraft et al., 
1979). When selecting an artificial reef site, 
their effects are mitigated simply by choosing 
another location on the seafloor where sig- 
nificant constraints are absent. 


Geologic constraints to reef siting include 
active faults, gas seeps and gas-charged sedi- 
ments, very soft muds, salt or mud intrusions, 
areas susceptible to mass wasting (slumps, 
slides, debris flows), and hurricane-force 
winds and large waves (Bea and Audibert, 
1989; Coleman et al., 1980; Prior and 
Coleman, 1982, 1983, 1984; Bouma et al., 
1976; Martin, 1980; Continental Shelf As- 
sociates, 1986). Most of these features are 
the result of the rapid deposition of organic 
rich, fine-grained, water-saturated sedi- 
ments, and salt diapirism. These processes 
are in part responsible for the irregular 
bathymetry and unstable seafloor common 
to the Mississippi delta region and the outer 
continental shelf and slope in the northern 
Gulf of Mexico (figure 1). 


Technological (man-made) constraints to 
site selection are also present as a result of 
oil and gas exploration and development, 
commercial fishing and shrimp trawling, and 
maritime shipping. Because of the 
prodigious hydrocarbon reserves beneath 
the Louisiana OCS, over the last 50 years the 
oil and gas industry has constructed in this 
area the largest offshore production in- 
frastructure in the world. An estimated 
3,600 oil and gas platforms and over 15,000 
miles of interconnecting pipelines and cables 
have been installed on the Louisiana OCS 
(figures 2 and 2). Pipelines, communication 
cables, subsea production equipment, trawl- 
ing areas, navigational fairways, sunken 
vessels, and certain areas with active mineral 
leases are considered technological con- 
Straints because the State of Louisiana (as 
permittee) could be liable for damage to 
production and fishing equipment and for 
pollution of the marine environment if 
caused by improper artificial reef emplace- 
ment. Both geological and technological 
constraints must therefore be identified and 
avoided (if present) before artificial reefs are 
put in a certain location. 


Methods of Constraint Assessment 


Geological and technological constraints are 
identified and assessed from available high- 
resolution geophysical data (3.5- to 7.0-kHz 
subbottom profiles, single-channel seismic, 
and 105-kHz side-scan sonar), geotechnical 
(foundation) borings, cores and grab 
samples, and cartographic data (pipeline 
maps, lease block maps, published 
bathymetric maps and nautical charts). Most 
of this data has been obtained by Federal and 
State agencies, universities, research institu- 
tions, and private industry. While much of 
this information is considered proprietary, a 
considerabie amount is within the public 
domain. 


High-resolution geophysical profiles are col- 
lected on both local and regional survey grids 
(King, 1980), where a number of acoustical 
instruments using different source frequen- 
cies with unique resolution and penetration 
capabilities (Sieck and Self, 1977; Sylwester, 
1982; Prior and Coleman, 1984) are 
employed from a precisely positioned survey 
vessel (Trabant, 1984). These acoustic sys- 
tems use sound-generating devices (such as 
pingers, boomers, air guns, sparkers), sound 
receivers, and graphic recorders to define the 
water depth and provide a cross-sectional 
display of the sea bottom and subsurface 
lithology (Sieck and Self, 1977), indicated by 
variations in acoustic reflection charac- 
teristics (Prior and Coleman, 1984). 


The seafloor and subbottom data obtained 
from high-resolution geophysical methods 
can be correlated and calibrated to founda- 
tion borings, cores, and bottom surface 
samples (Prior and Coleman, 1984). The 
physical geological and engineering proper- 
ties of the sediments obtained through these 
techniques, such as lithology, shear strength, 
and water content are used to calculate the 
sediments’ bearing capacity and the amount 
of compaction expected as a result of plat- 
form emplacement. These calculations are 
based on the surface area of the platform, 
sediment shear strength, and the horizontal 
and vertical loads (Trabant, 1984). This kind 
of information is important when selecting 
reef sites because the amount of clearance 
over the structure must be known for both 
navigational and permitting purposes, par- 
ticularly for reefs sited in water depths less 
than 100 ft (30 m). 


Cartographic data are used to determine the 
general locatien or proximity of technologi- 
cal features within proposed reef sites, and 
for general planning purposes. They are also 
used as drawings to obtain permits that meet 
certain navigational and buoying specifica- 


tions set by the U.S. Army Corps of En- 
gineers and the U.S. Coast Guard. 


Artificial Reef Site Selection Process 


The general procedure used to select sites for 
artificial reefs on the Louisiana OCS in- 
cludes: (1) exclusion mapping; (2) 
establishment of artificial reef planning 
areas; (3) database compilation; (4) assess- 
ment and interpretation of database; (5) 
mapping of geological and technological fea- 
tures within each proposed reef site; and (6) 
Site selection. 


The first two steps of this procedure general- 
ly eliminate the most obvious constraints that 
could cause an artificial reef permit to be 
denied or its approval delayed. The next four 
Steps are aimed at assessing and identifying 
constraints within site-specific locations 
within an artificial reef planning area. These 
methods and their results are described in 
more detail below. 


Exclusion Mapping 


The artificial reet site selection process 
begins with the elimination or exclusion of 
certain areas, such as navigational fairways, 
restricted military zones, pipeline corridors, 
natural reefs, traditional commercial fishing 
and shrimp trawling areas, and areas with 
present or projected mineral production or 
leasing activity. Other areas unsuitable for 
placement of these structures include the 
region immediately seaward of the Mississip- 
pi delta, the continental shelf margin and 
Slope, and the inner shelf with water depths 
less than 100 ft (30 m). These areas are 
excluded due to local hydrological and active 
geological processes (Christian, 1984; D’Itri, 
1985; Myatt, 1985; Swingle, 1985; Wilson 
et al., 1987), and for permitting reasons as 
well. 


Shallower waters are excluded as reef sites 
for oil and gas platforms primarily because of 
navigational concerns, and possible damage 
that could result from large storm- and hur- 
ricane-generated waves and currents. 
Louisiana has one of the highest frequencies 
of hurricane landfall in North America (one 
in approximately every three years); such 
storms are known to generate current 
velocities in excess of 3.28 ft/sec (100 cm/sec) 
in water depths of 100 ft (30 m) (Snedden, 
1985). Coleman and Prior (1982) have also 
reported recordings of 10- and 11-second 
period waves with heights in excess of 65 ft 
(20 m) seaward of the Mississippi delta in 
water depths of 656 ft (200 m). Such large 
waves and strong currents may have sig- 
nificant impacts on structures sited as 
artificial reefs, particularly in shallower 
water. For example, Continental Shelf As- 
sociates (1986) reported that a Liberty Ship 
sited as an artificial reef in 65 ft (20 m) of 
water offshore Mississippi was broken into 
two pieces and moved about 200 ft (61 m) by 
hurricane-generated waves and currents. 
However, they also reported that other ships 
in the same site and at another nearby loca- 
tion were not severely affected by the 
hurricane. At any rate, large storm- and hur- 
ricane-generated waves can pose serious 
constraints to placement of reefs because of 
the high density of oil and gas and other 
industry activity on the Louisiana OCS. 
Materials other than oil and gas platforms 
would therefore probably be used as artificial 
reefs in shallower water sites. 


Although it is difficult to precisely quantify 
the constraints with associated impacts to 
other OCS activities, a number of pos- 
sibilities exist that could present problems if 
they are not taken into consideration. Tabie 
1 compares common geological and tech- 
nological constraints with environmental, 
engineering and other risks or impacts as- 
sociated with improper selection of artificial 


reef sites. These comparisons will be dis- 
cussed further below. 


Selection of Artificial Reef Planning Areas 


The general area within which artificial reefs 
may be located is designated a planning area 
(Wilson et al., 1987). Planning areas are 
selected on the basis of exclusion mapping, 
user preferences, public hearings, and con- 
sultation with representatives of the shrimp 
and fishing industries (Myatt and Ditton, 
1986; Wilson et al., 1987). Figure 4 outlines 
the general location of eight artificial reef 
planning areas established to date on the 
Louisiana OCS, which range in size from 70 
to 165 square miles (113 to 266 square km) 
each. Specific locations are then targeted for 
Study within each planning area so that a 
suitable site can be chosen. 


Database Compilation 


Because of the intensive development of oil 
and gas resources on the Louisiana OCS, a 
considerable amount of data has been col- 
lected in this region. An extensive base of 
nonproprietary and proprietary data valu- 
able to the site selection process is therefore 
generally available through Federal agencies 
and/or private industry. Federal agencies 
that archive and disseminate useful non- 
proprietary data include the Minerals 
Management Service (MMS), the National 
Geophysicai Vata Center (NGDC), the U.S. 
Geological Survey (USGS), and the National 
Ocean Service (NOS). Searches for data are 
usually conducted within specified 
geographic coordinates or in some cases, by 
offshore lease block. 


In general, both proprietary and non- 
proprietary data have been obtained and 
analyzed by marine scientists to provide: (1) 
an assessment of strategic minerals and other 
resources on the Louisiana OCS; (2) an as- 


sessment of geological and engineering con- 
Straints or hazards to platform and pipeline 
installation; (3) identification of areas on the 
Louisiana OCS of potential archaeological 
Significance; and (4) geological and 
oceanographic data for research purposes 
(Wilson et al., 1987). Of course, this data is 
also very useful for selecting artificial reet 
sites. 


The most useful data available through these 
agencies include high-resolution geophysical 
data accompanied with survey trackline 
maps and technical reports; foundation 
borings and logs of cores and grab samples; 
bathymetric maps; offshore oil and gas, lease 
block, and pipeline and platform location 
maps; as well as numerous technical and 
open-file reports and leasing information. 
Additional nonproprietary data is available 
as published research papers, technical 
reports, and textbooks. 


Once the data available within an artificial 
reef planning area has been located, it is then 
acquired, interpreted, and assimilated into a 
series of maps that is used to select or exclude 
specific artificial reef sites within each plan- 
ning area. 


Database Assessment and Interpretation 


The geophysical and geotechnical tools and 
techniques traditionally used by industry for 
marine exploration and engineering ac- 
tivities are also applied to the selection of 
artificial reef sites. Although it is not 
generally possible to directly infer the sedi- 
ment type from seismic profiles, qualitative 
lithologic, depositional, and structural inter- 
pretations can be made based on the 
characterisiics of the seismic reflections 
(Sieck and Self, 1977). Correlation of the 
seismic data with cores and foundation 
borings is therefore necessary to obtain a 
more accurate interpretation between the 


seismic reflections and the lithological and 
physical properties of the sediments (Sieck 
and Self, 1977; Trabant, 1984). 


Seismic reflections are interpreted based on 
parameters such as amplitude, continuity, 
and external and internal geometries 
(Mitchum et al., 1987). Figure 5 is a3.S5-kHz 
subbottom profile acquired in 1982 by the 
USGS from Eugene Island Block 393. The 
seismic reflections in this profile are charac- 
terized by several types, including parallel 
continuous reflectors (p), indicai.ve of fine- 
grained pelagic and hemipelagic 
sedimentation; transparent reflectors (t), in- 
dicative of very soft and homogenous 
sediments; acoustic wipe-out zones, indica- 
tive of gas seeps and gas-charged sediments; 
and acoustically semitransparent to chaotic 
reflectors, generally indicative of debris 
flows and small slumps (Bouma et al., 1987). 
Other interesting features on this profile in- 
clude mud mounds, which are constructed by 
gas escaping from the subsurface that li- 
quefies the sediments, creating these 
topographic expressions. It should be ob- 
vious from this profile that this area would 
not be a very good place to site an artificial 
reef. 


Figure 6 is a 7.0-kHz subbottom profile ac- 
quired in 1974 by the USGS from South 
Timbalier Block 154. A massive shelf-edge 
failure, associated with rotational or 
retrogressive slumping, is commonly charac- 
terized by truncation of reflectors and 
rumpled to chaotic reflectors (Bouma et al., 
1987); these types of reflectors are clearly 
evident in this profile. Although this feature 
may not pose a serious constraint to the 
Stability of an artificial reef during the 
projected life span of the structure, it could 
also be argued that these sediments have 
been unstable in the recent past, and may be 
susceptible to such mass movement as soil 
creep or rotational slumping. These move- 


ments could be attributed to delta switching, 
earthquakes, localized slope oversteepening, 
or hurricane-induced surface water waves 
that apply hydraulic forces on the seafloor. 
Where the instability has been active (or 
recent), slope failure thresholds are general- 
ly the result of a complex interaction of 
processes, rather than any single factor (Prior 
and Coleman, 1984; Watkins and Kraft, 
1978). This question is easily resolved, how- 
ever, by simply placing the reef in another 
location away from these kinds of features. 


Figure 7 is an ORE Geopulse* profile ac- 
quired jointly during 1987 by the Louisiana 
Geological Survey (LGS) and the USGS in 
Main Pass Block 305. This profile, filtered at 
300-Hz to 3.0-kKHz frequency, shows a salt 
diapir that has penetrated the seafloor. Also 
note the bioherms, or natural reefs, that have 
grown on the crest of the diapir. Many of 
these types of reefs have grown over the sur- 
face expressions of salt diapirs or ridges that 
have penetrated the seafloor, generally oc- 
curring in the northern Gulf of Mexico along 
a trend seaward of the 328-ft (100 m) isobath 
(Ploessel and Campbell, 1980). These fea- 
tures are constraints to siting of reefs due to 
a variety of factors, including dissolution by 
seawater of large volumes o/ solid salt; in- 
tense and intricate faults and taulting 
patterns; gas seepage; and rough, irregular, 
or steep local seafloor topography that may 
induce seafloor erosion and mass movement 
(McGrail and Carnes, 1983; Rezak et al., 
1985; Coleman and Prior, 1987). Also, be- 
cause these features are natural reefs, itis not 
necessary to place an artificial reef in these 
locations. 


Figure 8 is a 10S-kHz side-scan sonograph 
acquired during 1982 by the USGS in Main 
Pass Block 146. Although nonproprietary 
side-scan sonograph records are relatively 
rare for those lease blocks within the plan- 
ning areas, they are a very valuable source of 


information. Figure 8 shows a pipeline and 
a sunken vessel on the seafloor. In conjunc- 
tion with pipeline maps and nautical charts, 
the location of these types of features can 
readily be identified and avoided. Pipelines 
would conceivably be the most serious con- 
Straint to selecting an artificial reef site 
because of possible damage and pollution of 
the marine environment (table 1). 


Mapping 


Through the above assessment and inter- 
pretation methods, a series of geological 
maps and cross-sections can be prepared that 
illustrate seafloor morphology and subsur- 
face structures, faults, gas seeps and 
gas-charged sediments, bathymetry, and 
location of pipelines, navigational fairways, 
and legal boundaries. An organized se- 
quence of maps for each planning area 
assures that all geological and technological 
features will be accounted for (Sieck and 
Self, 1977; Trabant, 1984). Subbottom cross- 
sections can also provide additional insight 
into subsurface geological and geotechnical 
conditions. 


Figure 9 is one example of the above types of 
maps that can be prepared that are very use- 
ful when selecting locations for artificial 
reefs. This map was prepared through inter- 
pretation of 3.5-kHz subbottom profiles 
acquired in West Cameron Block 616, and 
shows an active fault with surface relief of up 
to 26 ft (8 m) across the fault plane. The 
numerous swales or small depressions evi- 
dent on the 3-dimensional perspective are 
generally associated with gas seepage. 
Working platforms and active pipelines in 
the northeastern part of the lease block 
presently constrain reef siting activities to the 
downthrown or southwestern side of the 
fault. Proprietary foundation borings avail- 
able for this lease block reveal that the 
surface sediments comprise silty sands that 
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were deposited by a relict distributary chan- 
nel. This location therefore offers a 
relatively firm substrate for an artificial reef, 
provided it is not emplaced on the fault or 
scour depressions formed by the escaping 
gas. 


Site Selection 


Specific reef sites are selected within each 
planning area after the exclusion and 
geologic maps have been completed. In 
many cases, however, geological data are 
available orily for cestain lease blocks within 
a planning area because the data has not 
been collected by a Federal or State agency 
or is proprietary. Site selection within those 
particular lease blocks must then be based 
upon the other published sources of data 
described above because of the prohibitive 
expense of acquiring geophysical and 
geotechnical data. 


However, when geophysical and geotechni- 
cal data are available for assessment and 
interpretation, geological and technological 
constraints can be evaiuated, and intelligent 
decisions made as to where to locate artificial 
reefs on the seafloor. Once this decision has 
been reached, the final step would be to meet 
with Federal, industry, and commercial fish- 
ing and shrimping representatives to make 
sure the location would not interfere with 
their operations. This step avoids delays that 
could otherwise occur during the permitting 
process. 


Summary 


Obsolete oil and gas platforms make good 
artificial reef materials because of their 
Structural design and ability to withstand 
harsh marine conditions, and also their 
proven ability to attract large numbers and 
diverse species of fish. The techniques and 
methodology discussed in this paper are used 


to identify and assess constraints that could 
affect placement of these structures or other 
OCS activities within a specific location. A 
number of constraints and associated im- 
pacts, which must be addressed before an 
artificial fishing reef cau be put in a certain 
location, have been identified on the 
Louisiana OCS (table 1). 


Exclusion mapping eliminates most of the 
obvious constraints to site selection, such as 
navigational fairways, pipeline corridors, and 
concentrations of industry activity. Public 
hearings, user preference, and consultations 
with various industry and government repre- 
sentatives also help in choosing designated 
artificial reef planning areas. Once the 
general planning areas have been approved, 
a comprehensive database available for each 
area is acquired and interpreted to assess any 
constraints present within the area and to 
prepare maps for both planning and permit- 
ting purposes. High-resolution geophysical, 
geotechnical, and cartographic data are the 
most useful and available kinds of informa- 
tion used to assess the seafloor and 
subsurface conditions within a proposed reef 
Site. 
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Figure 1. Regional bathymetric mw poop northern Gulf of Mexico Basin. Bathymetric contours in meters. Note 
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Figure 2. Major oil and gas pipclines on the Louisiana OCS. Over 15,000 miles of pipelines and cables have been 
installed in the last 50 years (redrawn and adapted from Stanfield et al., 1981) 
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Figure 3. Major orl and gas production platforms, pipelines, and cables located within the western part of the 
West Delta Planning Arca. The high density of oil and gas development and production equipment is 
more apparent on a local scale (pipeline map provided by the U.S. Dept. of the Interior, Minerals 
Management Service, New Orleans District) 
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Figure 5. A 3.5-kHz subbottom profile acquired by the USGS from Eugene Island Biock 393 (MMS Preleasc 
Sales 67, 69, 1982). Depositional processes are inferred through analysis of the scrsmic reflection 
characteristics. Debris flow deposits associated with mass movement are characterized by sem 
ilransparcnt to chaotic reflectors Mud mounds arc Lopographi features formed on the scafloor by 
escaping gas from the subsurface, which liquefics the sediments into these cone-shaped fcatures. Mud 
mounds are generally characterized by acoustically transparent reflectors 
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Figure 6. A 7.0-kHz subbottom profile acquired by USGS from South Timbalicr Block 154 (MMS Prelcase Sale 
%, 1974). Steeply dipping and truncated chaotic to rumpled reflectors observed in this profile are 


inferred to represent slumped sediments near the shelf edge. 
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Figure 7. An ORE Geopulse* profile acquired jointly by the USGS and LGS from Main Pass Block 305, 1987 
Profile illustrates a sak diapir that has penetrated the seafloor, creating seafloor rclicf in excess of 138 
ft (42m). The crest of the diapir has also been colonized by bioherms, or natural recfs. Profile courtesy 
of J.R. Suter and S. Penland, Louisiana Geological Survey. *Use of trade names docs not imply 
endorsement by the Louisiana Geological Survey or the Louisiana Department of Wildlife and 
Fisheries 
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Figure 8. A 105-kH7z side-scan sonograph acquired by the USGS from Main Pass Block 146 (MMS Prcicase Sales 
67,69, 1982). The side-scanning sonar has detected a pipeline and sunken vessel on the seafloor, which 
is serving as an artifical recl. The surface sediments are inferred to be primarily composed of 
fine-grained silts and clays 
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A structure contour map and 3-dimensional perspective of West Cameron Block 6 


3.5-kKHz subbottom profiles acquired in 1974. An active growth fault with se 
(8 m), and numerous gas seeps and mud mounds were inte 
perspective prepared by John B. Wagner 
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Some Comparisons Between 
Communities Beneath Petroleum 
Platforms Off California 
and in the Gulf of Mexico 


Dr. Ann Scarborough-Bull 
Member, American Academy 
of Underwater Sciences 


Communities beneath petroleum platforms 
off California and within the Gulf of Mexico 
are obviously characterized by distinct 
regional faunal assemblages and species as- 
There are ecological features 
unique to each region, and platform as- 
semblages differ from those in nearby 
natural environments to varying degrees. 
The present observations relate only to “off- 
shore” platforms. For California, “offshore” 
refers to platforms located in water greater 
than 146 ft (45 m) in depth. For the Gulf of 
Mexico, “offshore” refers to plattorms lo- 
cated in 98 to 195 ft (30 to 60 m) of water off 
the coast of Louisiana. 


sociations, 


A single platform in 130 to 195 ft (40 t0 60 m) 
of water may add 2 to 3 acres (0.8 to 1.2 
hectares) of hard substrate. In both regions, 
the submerged portion of platforms, known 
as jackets, are quickly covered with biofoul- 
ing organisms requiring suitable substrate 
for metamorphosis to adulthood. Over time 
the jacket will support a complex inver- 
tebrate community. Shells of primary 
fouling organisms provide surface of attach- 
ment for secondary organisms, and the 
ensuing tangle provides habitat and protec- 
tion for motile epibiota. 


Along the California coast, mussels (Mytilus 
edulis and Mytilus californianus), barnacles 
(Megabalanus californicus and Balanus spp.), 
starfish (Pisaster giganteus and Pisaster 
ochraceus), strawberry anemones (Corynac- 
tis californica), and ostrich-plume hydroids 
(Aglaophenia struthionides) are common. 
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Mussels, barnacles, and starfish are charac- 
teristically found together in shallow and 
intertidal waters. 


Platform Hogan, one of 29 platforms off 
California, was installed in 1967 and stands 
in 150 ft (46 m) of water, 3.2 mi (5.1 km) 
WNW of Ventura. As such, it represents the 
oldest platform off California in Federal 
waters. As of November 1987, bzrnacies 
(Balanus spp. and M. californicus) dominated 
the high energy splash-zone from the surface 
to about 6.5 ft (2 m). From 6.5 to 29 ft (2 to 
9 m) the bay mussel (M. edulis) dominated 
the invertebrate assemblage by weight. In- 
numerable brittle stars (Ophiothrix 
spiculata), young sand starfish (Astrotecten 
venlli), and purple sea_ urchins 
(Stronglyocentrotus purpuratus) were con- 
tained within this 1 ft (0.3 m) thick mussel 
mat. From 29 to at least 81 ft (9 to at least 25 
m), M. californanus dominated the as- 
semblage in biomass and created mats nearly 
3.3 ft (1 m) thick in many areas. This thicker 
mat provided habitat and cover for rock crabs 
(Cancer antennarus), juvenile cabezone 
(Scorpaenichthys marmoratus), and brown 
rockfish (Scorpaena guttata). In one loca- 
tion, clumps of M. californianus apparently 
had broken away from the structure leaving 
a relatively clean substrate. Hundreds of 
plumose anemones (Metridium senile) had 
attached; it was the dominate organism in 
this area. 


Although mussels were the dominate fouling 
organisms by weight, the strawberry 
anemone (C. californica) appeared to cover 
at least 75 percent of available surfaces, in- 
cluding mussel and barnacle shells below 52 
ft(16m). C. californica occurred as shallow 
as 6.5 ft (2 m), but became very dense by 52 
ft (16 m) and continued to at least 81 ft (25 
m). 


M. edulis, M. californianus, P. giganteus, and 
P. ochraceus occurred at depths below those 
they normally inhabit along the coast or in 
similar natural locations, e.g., the Santa Bar- 
bara Channel Islands. P giganteus and P 
ochraceus greater than 30 and 24 inches (75 
and 60 cm) in diameter, respectively, were 
present on dense mats of M. californianus. 
Many of the starfish appeared to feed on the 
smaller secondary mussels. The primary M. 
californianus were often in excess of 8 inches 
(22 cm) in length. 


The uu’: a! size of M. californianus is likely 
due to its location, independent filter-feed- 
ing, and a nearly unlimited supply of 
phytoplankton upon which to feed. Their 
expansion of vertical depth range may be due 
to lack of competitors and/or a paucity of 
predators. Species that normally compete 
with or prey upon mussels along the coast 
may not possess pelagic larvae, as do mussels, 
and therefore would not be capable of 
populating platforms in large numbers. 


The unusual size of Pisaster spp. is likewise 
probably due to increased food and 
decreased energy output to attain that food. 
Expansion of their vertical depth range may 
be a direct result of the range expansion of 
their principal food, M. californianus. 


There are approximately 4,000 platforms in 
the central and northwestern Gulf of Mexico. 
Of these, 3,100 are located off the coast of 
Louisiana. Over 90 percent of the larger 
multi-well structures occur in offshore 
waters and account for well over 90 percent 
of all hardbottom substrate off Louisiana. 


The Louisiana coast is largely mud and sand 
with little habitat diversity. Few repre- 
sentatives of Louisiana coastal fauna occur 
on offshore platforms. It is assumed that 
originally many of the biofouling and 
epibiotic organisms that inhabit offshore 


platforms traveled as pelagic larvae for ex- 
tended periods over relatively long distances. 
As a species successfully settied on a Gulf 
platform and reached maturity, its larvae 
would not necessarily need to travel far to 
reach a similar habitat (another platform). 
Several species, e.g., the tessulated blenny 
(Hypsoblennius invemar), hermatypic corals 
(Porites asteroides and Mussa angulosa), the 
bristle worm (Hermodice carunculata), and 
the octocoral (Telesto nisei) apparently have 
spread easterly among offshore platforms 
during the past 8 to 10 years. 


Species representing the Carolinean 
biogeographic region include the Atlantic 
winged oyster (Ptena colymbus), the apple 
murex (Murex pomum), and sargassum 
seaweed. The tessulated blenny (1. im- 
vemar) and the anemone (Anemona 
antilliensis) are included among the repre- 
sentative of the Antillean region and are 
becoming more common on offshore plat- 
forms. The Mexican region is represented by 
the pen shell (Atrina serrata), the mossy ark 
(Arca imbricata), and the deer cowrie 
(Cypraea_ cervus) among others. Deer 
cowries in excess of S inches (12.5 cm) have 
been collected from offshore platforms less 
than 30 miles (48.3 km) from the coast of 
Louisiana. 


Tropical fauna from the Caribbean region 
probably constitute the greatest expansion of 
species range from a biogeographical region. 
Vertebrates and invertebrates from tropical 
waters are highly diverse under offshore plat- 
forms, but both are low in relative biomass. 
However, tropical invertebrates may 
dominate in coverage of available substrate. 
Currents carrying larval stages sweep 
counterclockwise into and across offshore 
waters of the Gulf of Mexico. 


The tropical octocoral, 7) mise’, can literally 


blanket jackets of offshore piatforms from 


depths of 29 to at least 105 ft (9 to32 m). T 
rusei commonly produces branched colonies 
up to 8 inches (20 cm) thick and harbors 
bivalves and other organisms within its maze. 
The tree oyster (Ostrea frons), pen shell (A. 
serrata), and ark (A. imbricata), which cling 
by byssal threads or require a small surface 
area for attachment, are often found by the 
hundreds within blankets of T. niisei. 


The occasional inshore Louisiana oysters 
(Crassostrea virginica) found on offshore 
platforms usually exceed 6 inches (15 cm) in 
length. Unusually large specimens of the 
venomous bristle worm (/f. carunculata), 
which prey on T. ruset and A. antilliensis, can 
reach a painful density of nearly | per ft" (4-6 
per m~) on offshore platforms heavily 
colonized by the octocoral. Additional 
motile epifauna include gastopods, e.g., the 
Caribbean triton (Cymatium nicobancum) 
and oyster snail (Thais haemastoma). Both 
juvenile and adult stages of the arrow crab 
(Stenorhynchus  seticornis), stone crab 
(Menippe mercenaria), and spiny lobster 
(Panilurus argus) are not uncommon on off- 
shore platforms. 


Fishes associated with Gulf platforms can be 
generalized as either residents or transients. 
Resident fishes depend on the platform for 
food and/or cover. The high number and 
diversity of immature tropical fish, e.g., 
French angel (Pomacanthus paru), queen or 
blue angel (Holacanthus spp.), blue tang 
(Acanthurus coruleus), cocoa damsel 
(Pomacanthus variabilis), dusky damsel 
(Pomacanthus dorsopunicans), and sergeant 
major (Abudefduf saxatilis), indicate that 
resident fishes are successfully reproducing 
under offshore platforms. 


It is not surprising that immature fishes are 
not usually found in large numbers at the 
same platforms as adults of the same species. 
As fish hatch and enter the plankton they 
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would likely disperse to platforms away from 
their structure of origin. An exception oc- 
curs with blennies, which lay eggs and brood 
their young within the empty barnacle shells 
they inhabit and may be observed in all life 
Stages under a single platform. 


During the summer months, within 2 to 3 
days after an area has been cleaned to the 
bare metal for industrial inspection, a mating 
pair of spotfin butterfly (Chaetodon 
capistratus) or blue angel (Holacanthus ber- 
mudensis) move into and defend the cleaned 
area. Pairs of sergeant major (A. saxatilis) 
pick an area clean and use it as a nesting site. 
Afterward the male staunchly defends the 
developing young. 


Additional tropical residents include creole 
fish (Parathias furcifer), flamefish (Apogon 
maculatus), Spanish hogfish (Bodianus 
refus), stoplight parrotfish (Spansoma 
vinde), ocean surgeon (Acanthurus 
bahianus), and squirrelfish (Holocentrus 
spp.). 


Resident temperate species are high in 
biomass but have little relative species diver- 
sity. Common temperate residents under 
offshore platforms include spadefish 
(Chaetodipterus fabes), \ookdown (Selene 
vomer), many species of snappers (Lutjanus 
spp.) and groupers (Epinephelus spp.). 


Most large predators observed under plat- 
forms offsho:.c Louisiana are temperate 
species of transient nature. However, each 
offshore platform seems to have a resident 
barracuda (Sphyraena barracuda) every 33 to 
$0 ft (10 to 1S m) of depth. Large transient 
predators include bluefish (Pomatomus sal- 
tainx), many species of jackfish (Caran 
spp.), and amberjack (Seriola dumenili). 


The reasons for increased vertical range and 
the unusually large size of some species on 


Louisiana offshore platforms are thought to 
be analogous with the proposed causes of this 
phenomenon observed off California. Since 
many species that inhabit Louisiana offshore 
platforms originated in distant regions, the 
effects of decreased competition and/or 
predation may be more pronounced in the 
Gulf of Mexico. 


California platform assemblages resemble 
groups found in similar natural habitats. 
Louisiana offshore platforms are unique 
ecosystems bearing little resemblance to the 
natural habitat. Gulf platforms apparently 
allow the expansion of species range from a 
numer of biogeographical regions and at- 
tract and support both temperate and 
tropical species simultaneously. 
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Technical Aspects of Converting 
Offshore Petroleum Platforms 
to Artificial Reefs 


Me. Thomas N. Carr 
Mr. Raymond J. Moore 
TAicDermott, inc. 
New Orteans, Louisiana 


The technical aspects of converting offshore 
petroleum platforms to artificial reefs will be 
discussed to explain the marine salvage 
operations that will be used for reef conver- 
sion of Gulf of Mexico platforms. 


The cost of the marine salvage operations 
will determine the feasibility of a proposed 
reef conversion, and therefore a basic under- 
Standing of these operations is necessary for 
planning specific platform-to-reef conver- 
sions. The removal, transportation, and 
installation of an obsolete platform at an 
artificial reef site is a major marine operation 
requiring extensive equipment, personnel, 
planning, and technical support to success- 
fully complete the task. 


Five alternate platform reef conversion op- 
tions will be examined to identify technical 
constraints that may affect the feasibility of 
these proposed reef development options in 
structures left in place, structures partially 
removed, structures toppled on location, 
structures removed and relocated, and artifi- 
cial reef complexes. 


The intent of this paper is to present a prag- 
matic view of the operational aspects of 
platform removal and reuse to provide a 
basic introduction to the factors that deter- 
mine if a reef project is feasible. The concept 
of converting disused offshore petroleum 
platforms to artificial reefs (rigs-to-reefs) has 
gathered a broad public and private interest 
and support in the last few years. This inter- 
est is evidenced by the National Fishing 
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Enhancement Act of 1984 and Louisiana's 
Artificial Reef Program. Other Gulf states 
have established permitted reef sites and ac- 
tively pursue petroleum platforms for these 
reefs. In spite of growing interest in this 
seemingly simple concept, only a small num- 
ber of reefs have been created using offshore 
platforms because the actual conversion 
process is more difficult and costly than it 
appears. An understanding of what is in- 
volved in the conversion process is required 
to determine if the concept is feasible, which 
platforms are the most likely candidates for 
reef conversion, and what types of reefs are 
most practical. 


When a platform ceases production, the 
operator must determine the disposition of 
the platform. The platform can be relocated 
for reuse, removed and scrapped, or relo- 
cated to an artificial reef site. Reuse of the 
platform is the preferred option if the plat- 
form is in acceptable condition, since it is 
often less costly than fabricating and install- 
ing a new platform. The alternatives are 
evaluated to determine the benefits and costs 
of each option. A critical portion of these 
comparisons is the cost of the marine salvage 
operations to remove and scrap the platform 
versus the cost of converting the platform to 
an artificial reef. These marine operations 
are the focus of this paper, since these costs 
will typically determine if a reef conversion 
is feasible, and a basic understanding of these 
operations is necessary for proposing and 
planning specific platform to reef conver- 
sions. 


The marine salvage procedures that must be 
developed for a specific platform will be in- 
fluenced by the platform characteristics, 
location and characteristics of the platform 
site, marine equipment available, expected 
weather conditions, type of reef proposed, 
reef site location, ard reef site conditions 
Most of these items are distinctly peculiar to 


each platform and reef site, such that no 
single salvage procedure and its associated 
costs can be developed for all cases. There- 
fore, salvage procedures and costs must be 
evaluated on a case-by-case basis for each 
platform considered. The major items that 


control salvage procedures will be inves- 
tigated to develop guidelines of what 
procedures and conversion OpuoNns are the 


easible and cost effective for artificial 
reef development. The platforms and proce- 
dures addressed in the subsequent 
discussions are based on Gulf of Mexico plat- 
lorms and marine equipment 


Platform Description 


tot Mexico has over 4,000 petroleum 
plattorms in water depths up to 1,350 ft 
411.5 m) and located up to 130 mi (209 km) 
fr, re. Then ritv of these structures 

Ocal nshallow water of 100 ft (30.5 m) 


as shown in table |. Although the 
ve, and configurations of these 
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The size and weight of the jacket vary 
depending on the water depth and the 
amount of deck work area required. The 
jacket is the portion of the platform function- 
ing as a de facto reef during the platform's 
useful life. Its high profile and extensive sur- 
face area make it the best reef material of the 
platform components. The jacket is fabri- 
cated onshore in one piece and transported 
on a barge offshore, where it is installed 


The pilings support the weight of the plat- 
forms and resist the horizontal forces caused 
by current, wind, and waves. The pilings, 
which are steel tubular pipes, are inserted 
into the jacket legs and driven into the ocean 
floor 200-400 ft (61-122 m). The pilings are 
connected to the jacket with a welded con- 
nection at the top of the jacket legs. 


The deck superstructure provides the work 
space to accommodate the equipment and 
personnel required for the platform's func- 
tion of drilling, producing, or storage, etc 
The work areas are elevated to insure that 
the design storm wave will not reach the 
lower deck. 


The conductors are tubular pipes extending 
from the deck through guides in the jacket 
and driven into the soil 
through these conductors, and multiple 
Strings of conceniric casing pipe and drill 
pipe are then installed inside and grouted to 
the conductors 


The wells are drilled 


Marine Construction 


By fabricating the platform onshore in very 
large components, operators design offshore 
platforms to reduce the offshore erection 
time and inherent work interruptions caused 
by the offshore marine environment. There- 
fore, the jacket, piles, and deck components 
are very large and heavy and require special 
ized installation equipment. Jacket weights 
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Platform Removal 


For platform removal, the installation steps 


r 


are reversed lhe conductors must be 
severed 16.4 ft (5 m) below the mudline and 
removed. The deck sections are lifted and 
secton a Cargo barge (ligure 2). The piles afte 
then severed 16.4 ft below the mudline. The 
jacket can then be lifted and set on a cargo 
barge if its size and weight are within the 
Jackets in 


water depths greater than approximately 150 


crane vessel capacity (figure 3). 
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ny Ihe ackel and deck will be cut 


sections to be scrapped. Some 
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components are refurbished and reinstalled 


al othe ! ottshore sites 


hose to be lifted in one 


mackelts too large 
section with one barge require more complex 
removal procedures tailored to the jacket's 
particular characteristics. Some jackets have 
been cut into smaller components that can be 
lifted by a single crane vessel. Some jackets 
can be lifted and removed with the combined 


capacity of two crane vessels 


\ few 


launched, where the jacket ts winched back 


Structures have been reverse- 


onto a launch barge 


Less frequently used 


are auxiliary buoyancy tanks, which are at- 
tached to the jacket for reflotation. The 
jacket is then towed to deeper water for 
ocean dumping or towed to an artificial reef 
site. Auxiliary buoyancy cannot be used to 
bring a jacket to shore since deep-water ports 
are not available on the Gulf Coast. 


Partial removal of the jacket down to a depth 
allowing for safe surface navigation has been 
proposed, as has toppling the jacket at site. 
The complexity of these alternate removal 
methods appreciably increases removal 


COSTS, 
Site Conditions 


Phe site conditions at the platform and 
proposed reef site will impact the feasibility 
of the platform conversion. 


The primary considerations in platform con- 
version are location, location, and location. 
The distance from the platform site to the 
reef site and the distance of both sites from 
the marine operations base and salvage yards 
are the overriding factors in most situations. 
Transporting the platform components and 
crane vessel equipment spread between sites 
is very slow, and the mobilization of the 
marine equipment spread to the reef site is a 
cost over and above that required for stand- 
ard removal for disposal. 


The platform water depth is also critical since 
deeper water platforms are larger and 
heavier, and removal is very costly, making 
alternatives such as reef conversion more 
viable. The water depth will also control the 
marine equipment to be used since some 
equipment, particularly smaller barges and 
lift boats, are not suitable for deep-water 
work. The cost of diving operations in- 
creases significantly as the water depth 
increases. The water depth and specified 
safe navigation clearance will dictate the size 


of jacket that can be placed at a reef site. In 
general, the platforms in deeper water 
depths have wider base dimensions and re- 
quire a deep-water reef site. 


The soil conditions at the platform and reef 
site usually do not present problems unless 
they are unusually unstable, as in a mudslide 
region where the platform components could 
be carried downslope with the moving soil. 
Areas with a steep bottom slope should also 
be avoided. 


Wave and current at the sites can affect the 
workability of the marine equipment, par- 
ticularly diving operations. 


Obstructions such as pipelines, adjacent 
Structures, or subsea obstructions will 
restrict marine equipment movements and 
anchoring locations, thus increasing costs. 


Reef Options 


Five reef options that have been proposed 
are examined below to identify technical 
constraints that affect the viability of these 
development alternatives. 


Structures Leftin Place 


A structure left in place continues to provide 
for its established biological community and 
initially appears to be the most desirable op- 
tion. However, there are a number of 
technical reasons that make this method un- 
attractive and severely limit its feasibility. A 
Structure left in place is a hazard to surface 
navigation, and the operator’s residual 
liability is a primary concern. The life of an 
offshore structure can be extended beyond 
its design life of 20 to 25 years; but due to the 
harsh marine environment, it eventually will 
require removal. Severe corrosion, struc- 


tural damage by major storms and minor 
vessel collisions, and cumulative fatigue 


damage all limit the platform’s life expectan- 
cy. Navigation aids, lights, fog horns, etc., 
must be continuously maintained if the plat- 
form is leftin place. In addition, the platform 
itself requires maintenance such as painting, 
replacing grating, handrails, stairs, boatland- 
ings, etc. If these items are not maintained, 
the platform becomes a hazard to fishermen 
or other uninvited guests. 


The cost of maintaining the platform along 
with the eventual removal costs and the per- 
petual liability make platform retention a 
costly option for the responsible party and a 
viable option for a very small percentage of 
platforms in strategic high use areas. 


Structures Partially Removed 


A structure partially removed continues to 
provide for a portion of its established 
biological community. The deck and top 
portion of the jacket will be removed down 
to a safe navigation clearance. The upper 
portion of the jacket and deck can be placed 
on bottom adjacent to the jacket base to 
expand the benthic portion of the reef (figure 
4). 


By removing the deck and top of the jacket, 
the cost of maintenance, navigation aids, and 
future removal costs are eliminated. The 
perpetual liability is reduced since surface 
navigation concerns are eliminated. Water 
depths greater than approximately 200 ft (61 
m) would be required to obtain the necessary 
navigation clearance over the jacket base 
remaining in place. 


The conversion would be accomplished by 
removing the deck and then severing and 
removing the conductors above the cut 
elevation. The piles and conductors will not 
be severed below the mudline. The jacket 
legs, piles, and braces will be severed at the 
selected elevation while the crane vessel 
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holds the top of the jacket to ensure it does 
not topple prematurely. The top portion of 
the jacket will then be lowered and posi- 
tioned adjacent to the jacket base. 


The underwater cutting of the legs, piles, and 
braces is a slow process with present technol- 
ogy, requiring extensive diving operations, 
which increase the cost and risk. However, 
the transportation cost of the components is 
eliminated, and some of the additional cut- 
ting costs will be eliminated. This option is 
competitive with removal or other reef op- 
tions for platforms in sufficient water depth, 
approximately 200 ft (61 m) and deeper. As 
water depth increases and removal proce- 
dures become more complicated, this option 
becomes more attractive. In water depths 
greater than SOO ft (152.4 m), partial removal 
of the platform is the only realistic removal 
method based on currently available equip- 
ment and technology. 


Present reef permitting policies are not 
structured to establish reef sites at scattered 
locations, and therefore nontechnical con- 
straints could control the widespread use of 
partially removed structures. 


Structures Toppled in Place 


A structure toppled in place temporarily dis- 
rupts the established biological community 
while providing an expanded mid-water and 
benthic reef for future development. The 
deck will be removed and can be placed on 
bottom adjacent to the jacket (figure 5). The 
conductors and piles are then severed 16.4 ft 
(S m) below the mudline. The jacket can 
then be toppled in one section. 


As with partially removed structures, ade- 
quate water (approximately 200 ft [61 m]) is 
required to obtain navigation clearance over 
the jacket in its horizontal orientation. 
Transportation costs of the components are 


eliminated, making this option competitive 
with removal if scattered reef sites are incor- 
porated into reef development plans. 


Structures Removed and Relocated 


Removal and relocation of a structure to a 
designated reef site is the most likely reef 
conversion method for platforms in less than 
ISO ft (45.7 m) of water due to required 
surface navigation clearance. Approximate- 
ly 87 percent of the platforms in the Gulf of 
Mexico fall into this category. Removal of 
the majority of these platforms is straightfor- 
ward, since lifts of the component are within 
the capabilities of crane vessels. 


The components are back-loaded onto cargo 
barges for transportation to the reef site 
(figures 6, 7,9). The crane vessel equipment 
spread must then be mobilized to the reet 
site to lift the components from the cargo 
barge and set them on bottom. The cost 
differential between transportation to the 
reef site versus the salvage yard must be 
added to the additional cost of mobilizing the 
crane vessel equipment spread to the reet 
site. Unless the reef site is very close to the 
platform’s original location, in most cases the 
salvage option will be less costly. 


The proximity of the reef site to the platforms 
overshadows other technical considerations 
for this conversion method. Some of he 
more notable rigs-to-reefs projects 
transported platforms hundreds of miles 
from Louisiana to Florida. These were ex- 
ceptions to the rule because the additional 
costs were acceptable to the operator. The 
establishment of financial or other incentives 
for these projects would encourage a much 
broader application and acceptance of this 
oOpwvion. 


The Tenneco Pensacola Reef project 
developed unique procedures by eliminating 


the crane vessel spread mobilizaticn to the 
reef site. The jacket and deck were 
transported on a specially equipped launch 
barge and were launched at the reef site (fig- 
ure 3). 


Artificial Reef Complexes 


Artificial reef complexes can be developed 
by using combinations of the options dis- 
cussed above (figure 10). A limited number 
of those platforms most heavily frequented 
by fishermen and divers would be selected to 
be left in place. These platforms should be 
selected keeping in mind the cost associated 
with platform retention. Other platforms 
would be relocated to the reet site and placed 
horizontally on bottom. The platforms left in 
place would serve as marker platforms either 
at the center or the extremities of the reef 
Site. 


Water depth at the reef complex site must be 
sufficient to provide adequate navigation 
clearance for the relocated platform com- 
ponents. As more platform components are 
added to a reef complex, the underwater 
obstructions create problems for the marine 
construction operations, particularly vessel 
mooring and diving operations 


Reef complexes concentrate the efforts of 
sponsors in selected areas where popular 
platforms can be retained and areas can be 
developed. Proper planning should select 
areas where many potential donor platiorms 
are available within close proximity of the 
reef complex site. 


Summary 


The concept of converting platforms to reefs 
is feasible. However, each proposed reet 
conversion project will be evaluated on its 
own merit considering technical constraints 
and economic costs. 
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Table I 


Water Depth of Structures Installed in the Gulf of Mexico, 
off California, and off Alaska as of 1983 


Water Depth Number of Structures _ 


(feet) Gulf of Mexico California Alaska Total 
0-20) 1.IS2 1,182 
71-50) 414 1,414 
$1-100 Hs) 7 14 671 
101-150 329 329 
151-200 4) 10) 250 
201-300 216 206 
301-400 sS? () S& 
401-500 . 5 
$01-900 4 4 
YOU ; 4 
Total 4,056 24 14 4.094 
“Depth categories tor California data are 100 feet, 100 feet - 200 feet, 200 feet - 400 feet, 
> 400 teet 


bh | | 
All Cook Inlet, Alaska, platforms are in water approximately 100 feet deep 


Source: National Research Council Marine Board. 1985. Disposal of Offshore Platforms. 
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Reuse, Reef, or Scrap? 
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Introduction 


[he nominal design basis for oi] and gas drill- 
ing and producing structures for the Gulf of 
Mexico is 20 years. By no means does a 
"20-year life” indicate that the structure ts 
inadequate afier 20 vears. Indeed, the design 
lite is more of a tool of definition to aid in the 
optimization of designs than a boundary con- 
dition for ultimate usetul life 

There are currently in excess of 4,000 struc- 
tures in the Gulf of Mexico associated with 
various aspects of oi] and gas production. 
The structural types vary from single, over- 
sized well caissons at one end of the spectrum 
to multiple-legged platforms designed to 
support simultaneously a large number of 
wells, a workover or drilling rig, and the 
Pprodvuction equipment necessary to process 
fluids from those wells into oil and yas sales 
pipelines. 


The range of water depths in which these 
activities take place varies from just a few 
feet to over 1,000 ft (304.8 m). The design, 
size, and weight of required steel varies, de- 
pendent not only on the array of functions 
that will occur and on site-specific environ- 
mental conditions, but also with the 
individual preferences and opinions of the 
operating companies involved 


Although definitions, opinions, and designs 
may vary somewhat between our companies, 
the ultimate reason for the initial and con- 
tinued existence of a given structure ts the 
economical production and sale of hydrocar- 
bons. When the time arrives that the costs of 
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maintenance, operating personnel, transpor- 
tation, fuels and other items outstrip the 
available income, a structure has reached the 
pom of existing as a liability instead of an 


asset. 


While this paper will address only the 
economic details of one project, there are 
also decisions dealing with environmental, 
social, and legal issues. Each of these areas 
must be reviewed and conditions that change 
with time must be considered in the overall 
planning of a platform abandonment. 


Until very recently the existing State and/or 
Federal requirements concerning such struc- 
tures called for complete removal to a depth 
ot 16.4 f1(5 m) below the natural surrounding 
seabed. The options that were available fol- 
lowing this required removal gave rise to the 
title of this paper: “Reuse, Reef or Scrap. 
The authors will use a site-specific example 
from Amoco Production Company that, due 
to some specific factors, allows a review of 
some of the various points that impact the 
decisionmaking process leading to one or 


more of these ends 
\ Review of the Options 


With the reasonably obvious exception of 
single-well caisson type structures for which 
the abandonment of the well itself virtually 
mandates total structural removal, the issue 
of removal must address two basic parts of 
the plattorm. 


Most of the above-water portion of a plat- 
form consists of what is known as the deck. 
Decks vary from minimum structural accom- 
modation to protect and service wellheads to 
those of larger areas, which are designed to 
supr ort wells, drilling rigs, production equip- 
ment, personnel living quarters or some 
combination thereof. Historically, it has 
been our company’s practice to remove deck 


portions together with any associated 
facilities for transportation to a shore-based 
location. The available options downstream 
of this decision include either complete or 
partial reuse of deck, facilities, or both. 
These options are considered preferable to 
partial offshore dismantling (¢.g., equipment 
removal) followed by cleanup, to render the 
remaining portion suitable for placement as 
reef substrate. The availability of used strue- 
tural components and equipment can have 
considerable impact on the economical con- 
siderations of new petroleum production 
projects, as presented in the following case. 


[he available options that exist for the struc- 
ture that remains after deck removal have 
altered slightly with recent reef site deter- 
minations, particularly those associated with 
Louisiana’s Artificial Reef Program. Struc- 
tures that exist within a designated reef 
platform area must certainly add some 
method of inplace/onsite disposal to the 
overall economic analysis. A paper by others 
at this conference will address the special 
considerations that this additional option 
demands. 


The site-specific example that became the 
basis for this paper began wii’) normal plans 
for platform decomissioning and removal 
from a former oil and gas production site 
offshore southwest Louisiana. A new option 
for reuse of the structures presented itself 
when Louisiana established an artificial-reef 
planning area several miles from our lease 
site. It should be noted that this paper does 
not address specifics associated with negotia- 
tions among the co-owners of the lease site 
regarding ultimate disposition of the struc- 
ture. Such negotiations will be a critical step 
in converting rigs to reefs from many of the 
oil and gas leases in the Gulf of Mexico. 


Project Overview 


During 1974, exploratory drilling on West 
Cameron Block 513 (figure 1) confirmed 
seismic data on which earlier bid develop- 
ment assumptions had been based. The 
result of this drilling, as far as the platform 
Structural considerations are concerned, was 
a decision by the company to develop the 
prospect using a platform concept known as 
the TA.M.PA. (Tender Assisted Minimum 
Platform Arrangement) (figure 2). Basically, 
the concept uses two 4-pile platforms that are 
bridge-connected to facilitate safety and ease 
of operations during both drilling and 
production phases of the field development. 


Both structures were installed complete with 
decks during 1975. The combined weight of 
both jackets (subsea support structure) 
together with piling, decks, bridge, and 
equipment was approximately 3,000 short 
tons (2,722 metric tons). From the point of 
view of this paper, the only activities of sig- 
nificance during the lite of the platforms at 
West Cameron 513 were annual verification 
of the corrosion protection system and, un- 
fortunately, a minor ship collision with one 
of the two structures 


The company’s preferred system for cor- 
rosion protection in the Gulf of Mexico is the 
use of sacrificial anodes. This system consists 
of numerous anodes of approximately 450 Ib 
(204.1 kg) welded to the underwater jacket 
members. Original designs call for 10 years 
of protection for the structaral steel by con- 
irolled dissolution of the anode material. 
This protection can be monitored and 
verified by measurement of the electrical 
potential of the platform relative to the sur- 
rounding seawater. For the years these two 
platforms were in service at West Cameron 
$13, the surveys indicated good corrosion 
protection 


In 1980 a vessel from the ship channel that 
transits Block 513 collided with the proc uc- 
tion structure. Neither the ship nor the 
Structure sustained catastrophic damage; 
however, the platform jacket was affected 
enough to preclude later relocation and 
reuse considerations for reasons that shall be 
detailed later. 


(Note: To avoid possible misunderstanding, 
it should be pointed out that, following the 
incident with the ship, the platform was in- 
spected and sufficient analysis was done to 
satisfy Amoco and the appropriate Federal 
agencies that the jacket was more than ade- 
quate for its continued use at West Cameron 
$13 "B" location. The concern that led to the 
decision not to reuse it was over the in- 
creased stresses associated with removal, 
etc., to which the jacket would not be sub- 
jected during normal use.) 


By late 1984 the volumes of gas and conden- 
sate being recovered from the reservoirs at 
West Cameron 513 were insufficient to war- 
rant the continued operation of the 
platforms. Further, once the platforms were 
off production the company was bound by 
existing lease agreements with the Federal 
Government to remove the structures to a 
depth of 16 ft (S m) below the sea floor. 
Because of the relatively short use that these 
Structures had received and because of a 
company practice to investigate reuse pos- 
sibilities, the West Cameron "B" T.A.M.PA. 
pair became candidates for close scrutiny in 
regard to future utility. 


The components of the T.A.M.P.A. arrange- 
ment that were available were the drilling 
jacket and associated deck; the production 
jacket with deck and facilities designed to 
handle daily throughput of 50 MMcfd; the 
bridge, which connected the two platforms, 
and the steel piling, which had been driven 
through the two jackets and into the sea floor. 
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An evaluation of each component was re- 
quired to determine not only the economic 
but engineering feasibility of salvage and 
reuse. 


Project Details and Analysis 


The first of the platform components from 
West Cameron 513 "B" reviewed for future 
utility were the easiest for which a decision 
could be made. As stated earlier, the existing 
company philosophy regarding decks and 
facilities made determining the reuse of the 
two decks the correct choice, virtually 
without detailed consideration. 


There was a recognized need for the drilling 
deck to be used in the additional develop- 
ment of an existing oil and gas field. Since 
none of the other owners had an immediate 
need for the deck, it was purchased from the 
joint account. The differential between that 
cost and that of a newly fabricated deck 
worked to enhance the economics of the ex- 
tended field development at the new 
location. 


Although at the time there was not a known 
immediate need for the production deck and 
its associated 50 MMefd facility, all of the 
companies involved agreed that the ultimate 
reuse potential was obvious. Without deter- 
mining a current value or a future owner, the 
decision was made to transport the deck to 
shore after removal from the jacket for tem- 
porary storage. At the time of this writing, 
that deck is being modified structurally and 
the gas-handling facilities are being refur- 
bished in preparation for reinstallation on 
another development project. That project 
and associated economics will not be 
detailed here, but the approximate saving» 
after pi rchase from other working interest 
owners anc revamping Costs are in excess vl 
$1.0 million as compared to a new deck and 
facility 


The analysis of reuse potential for both of the 
decks may appear somewhat perfunctory. 
Indeed, once a current need that can be met 
by these used components is identified, the 
decision is obvious. The decks are the only 
portions of the structural arrangement as a 
whole that are this readily analyzed. Since 
they are above water and therefore easily 
inspected and maintained, their condition 
for reuse is more definable. 


The remaining components would reply not 
so directly on philosophy as on engineering 
and economic feasibility for analysis of reuse 
potential. The engineering factors that were 
considered were water depth match, general 
Structural condition and integrity, and soil 
and environmental conditions at the new 
site, compared with original design criteria. 
The details of these analyses will be discussed 
further. 


The economics associated with the possible 
use of the jacket, even if it were suitable 
technically, are highly dependent on a num- 
ber of factors. Anticipated fabrication and 
offshore installation costs for 1986 were to be 
low enough to make careful comparison 
necessary. Estimates of the costs for a newly 
fabricated jacket were made and compared 
with anticipated costs for moving the existing 
jacket. The differential of $500,000 was 
determined to be enough to warrant taking 
the necessary risks associated with a salvage 
and reinstallation project. 


The engineering feasibility portion of the 
analysis for the production jacket was, for 
reason of a ship collision mentioned earlier, 
more or less simplified. The call, made by 
Amoco’s technical experts, was that the level! 
of uncertainty associated with the damaged 
jacket would require an unacceptable 
amount of inspection work to determine the 
inplace condition. Even with that basic in- 
formation, a similarly economically 


unattractive degree of detailed engineering 
analysis would be needed to determine 
whether or not the jacket would withstand 
the stresses of remova!, transportation, and 
reinstallation. It was agreed that, by the time 
the engineering had been carried out and 
some probable modifications done to allow 
reuse, any savings from using the structure 
would likely have been eliminated. 


The balance of the decision process for this 
jacket was one of economics. Due to the 
provisions of Rigs-to-Reef legislation that 
had been developed at the time, there was no 
option to leave the platform at the original 
location. Further, had there been available 
an option such as inplace toppling, it is un- 
likely that this jacket would have received 
approval because of its proximity to shipping 
lanes. 


Once the jacket was disconnected from the 
seabed, only two real options were available. 
One was transportation to a shore location, 
follewed by offloading and disposal as scrap. 
The alternative was transportation to an ar- 
tificial reef site and offloading/placement as 
reef substrate material. Unfortunately for 
the reef development option, the nearest site 
for which we anticipated obtaining a permit 
was too far away to be economical. The cost 
of taking the jacket to shore for scrap was 
$162,000, compared to the $279,000 to 
transport it to the available reef site. The 
additional cost included, of necessity, some 
method of offloading the jacket at the reef 
location. The selected method for cost com- 
parison was use of a derrick barge such as was 
required to place the jacket on a barge for 
transport. Other options were reviewed but 
were more expensive 


A.i additional costs to go ahead with the reef 
oovvon would had to have been borne by 
Amoce u..d partners. The economics for that 
type of operation are considered in terms of 


least cost liabilities as opposed to return on 
investment or payout. Consequently, a sig- 
nificant difference between the costs of the 
alternatives usually results in selection based 
on lowest numbers. 


The remaining significant component 
evaluated during this project was the jacket 
portion of the drilling platform. The water 
depth at the West Cameron 513 location was 
173 ft ($2.7 m) and at the new location 183 ft 
(55.8 m). The structural modifications re- 
quired to accommodate this difference 
consisted of removing and lowering the boat 
landing and barge bumpers. The costs as- 
sociated with this work were detailed and 
used in the reuse analysis. 


Divers were employed to verify the basic 
structural integrity of the jacket. This work 
did not consist of detailed cleaning off of 
marine growth followed by nondestructive 
weld inspection. Since there had not been 
any specific incidental damage such as 
caused by vessel collision, this effort could 
take the form of visua !nspection. The divers 
confirmed that the structure was basically in 
the original, installed configuration. This in- 
spection, coupled with the historical data 
discussed earlier indicating adequate 
cathodic protection during the time at West 
Cameron 513, served as adequate evidence 
that the drilling jacket was basically sound. 


The next step in the determination of 
reusability dealt with analysis of conditions 
that would affect the structure’s ability to 
exist for the required amount of time ata new 
location. Environmental data for wind, 


waves, and currents associated with both nor- 
mal and worst-case storm conditions were 
calculated. These were combined with data 
from a geotechnical investigation to deter- 
mine not only the forces that the jacket would 
have to withstand, but also the optimum 
design of both wall thickness and seafloor 


penetration for the piling, which would be 
driven through the jacket, to allow those for- 
ces to be endured. 


In addition to the inplace analysis that was 
performed, there were certain considera- 
tions associated with the removal, 
transportation, and reinstallation activities 
for which forces had to be calculated. There 
is a Significant sequential or domino effect 
caused by assumptions made in these areas. 
Both company and outside consultant «x- 
perts were concerned that the stresses 
associated with rotating the jacket to a 
horizontal position and placing it on a cargo 
barge for transportation prior to reinstalla- 
tion could be detrimental. Rather than go 
through the iterative analysis that would be 
required to determine if the structure cou'd 
be handled in that manner without modifica- 
tion, a decision was made to limit removal 
and transportation to handling the jacket 
only in the vertical position. This decision 
was limiting in itself in that the height of the 
jacket (approx. 195 ft [S9 m]), combined with 
its approyimate weight of 600 short tons (544 
metric tons), would allow only certain ves- 
sel/crane combinations to perform the work. 


In order to be able to set the jacket on the 
seafloor at the new location during the 
reinstallation sequence, the designers had to 
account for mud line conditions. Experience 
in the new site area, coupled with the soil 
boring results, concluded that mud mats, or 
large horizontal areas at the bottom of the 
jacket, would have to be able to support the 
structure on the soft bottora. The design to 
replace the original mud mats had to take 
into account a method for reinstalling the 
structure offshore. After input from various 
sources, a decision was made to prefabricate 
the new mud mats and have them on the deck 
of the derrick barge. Once the jacket was on 
the crane’s hook, and minor preparation was 
done to the bottom of the jacket legs, the 


jacket could be set onto the mud mat assemb- 
ly and the modifications completed while the 
barge was underway to the new location. 


The remaining portion of the platforms that 
has not been discussed is the piling. For plan- 
ning purposes regarding reinstallation of the 
salvaged jacket, it was determined that off- 
shore modification/refurbishment of the 
piling material would be uneconomical. Ap- 
propriate design and fabrication work were 
carried out, and new piling was installed at 
the new site. 


The removal of the piling from the drilling 
jacket was accomplished with no significant 
problem. Three of the four production plat- 
form piles easily came free of that jacket also. 
The final pile would not pull out of the jacket 
and was left in the jacket leg for transporta- 
tion to the scrapping location. 


The condition of the salvaged piling was such 
that the material was stored for future use. 
As of this writing some of the material has 
been reused in the further development of a 
field in offshore Texas. 


Summary 


This particular project, due to the platform 
arrangement and specifics for each jacket, 
allowed a review of mainly the economic 
aspects of options available in salvage situa- 
ions, with the exception of abandonment 
inplace. Decisions must be made regarding 
each of the various components, and each 
decision must include both technical and 
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economic considerations. The combination 
of technical feasibility and economic attrac- 
tiveness must work together to allow reuse of 
components. 


Unfortunately, for this particular case, the 
cost of logistics associated with the reef op- 
tion was too high to make that choice 
economically viable. The establishment of 
multiple areas in the Gulf of Mexico as artifi- 
cial reef sites will work to enhance the 
attractiveness of that option for future 
projects involving components determined 
not to have reuse potential. 


Many issues that impact the decommission- 
ing phase of petroleum activities in the Gulf 
of Mexico are interrelated. Changes such as 
Rigs-to-Reefs options and an increased un- 
derstanding of the environmental and legal 
considerations serve to enhance the 
economics of abandonment and should allow 
continued development of platform-related 
artificial reefs. 


Mr. John Gilmore is a graduate of Florida Atlantic 
University with a B.S.O.E. He was reared in a military 
family and has been in the oil business for the past 14 
years and, as a result, is somewhat of a gypsy. Since 
joining Amoco in 1973, he has lived in Louisiana twice, 
in Chicago, Cairo, and London, and now in Houston. 
Most of his career has been involved in project 
engineering or management of offshore structures, 
equipment, and pipelines, and several onshore oil and 
gas related projects. He is involved with two projects 
for the Gulf of Mexico, one with all-new structural 
components and one that will use a deck that was 
salvaged during the operation about which this paper 
was written. 
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Rigs-to-Reefs—A Case History 
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Abstract 


The conversion of abandoned offshore plat- 
forms into artificial reefs has been done 
previously with little cost savings and often at 
considerable added expense to the lessees 
for transportation to an approved reef site. 
Efforts to obtain these structures for artificial 
reefs have predominantly been made by the 
State of Florida while the majority of off- 
shore platforms are located in the Gulf of 
Mexico off the Louisiana and Texas coasts. 
Furthermore, shallow water structures in less 
than 100 ft (30.5 m) of water are often the 
earliest structures installed and the first to 
deplete their hydrocarbon resources, neces- 
Sitating their removal. The cost for shallow 
water removals is generally less than that in 
deep water and it has been cheaper to haul 
them to shore for scrap rather than cut them 
up and transport the materials to a permitted 
reef site. 


Recent efforts by Louisiana have brought 
reef areas closer to deep-water platforms, 
thus reducing much of the added logistical 
expense in reef construction. This paper 
describes the engineering planning, permit- 
ting, and actual field work performed to 
convert a production platform 90 miles (145 
km) offshore Louisiana into an artificial reef 
under the Louisiana Artificial Reef Program. 
The project involved variances from 
regulatory requirements and normal struc- 
ture removal procedures resulting in cost 
Savings to the lessees and income to the 
Louisiana Artificial Reef Program, basic 
necessities for a self-sustaining extensive ef- 
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fort to utilize offshore structures for artificial 
reefs. 


Summary 


Research has shown that offshore petroleum 
production platforms serve as prime artificial 
reef habitats for marine organisms and are 
popular target fishing areas (Gallaway and 
Lewbel, 1982). In the Gulf of Mexico, the 
thousands of offshore structures provide a 
Significant portion of the hard substrate in a 
naturally soft-bottomed environment (Gal- 
laway, 1984). Regulatory requirements 
mandate the removal of obsolete hydrocar- 
bon production structures. Unfortunately 
for marine habitat, it has been the standard 
practice to remove these structures and haul 
them ashore. 


Several isolated abandonments in recent 
years have involved moving portions of off- 
shore structures to reef sites off Florida and 
Alabama. These cases were at best "break- 
even” economic alternatives to traditional 
scrapping, and sometimes added consider- 
able costs over normal structure removal. 
Understandably, this type of structure 
removal and disposition does not provide the 
economic incentives or tax benefits for creat- 
ing reefs. 


In October 1987, the Louisiana Artificial 
Reef Program (LARP) became operational 
when the first production platform was 
donated by OXY USA Inc. (OXY), known 
then as Cities Service Oil and Gas Corpora- 
tion. Since the structure was located within 
one of the program’s eight designated reet 
areas, it was possible to “topple” the jacket 
and conductors in place. The resulting cost 
Savings over a traditional salvage were 
Shared with the Louisiana Artificial Reet 
Program. 


Background 


The South Marsh Island Block 146 Platform 
was an 8-pile drilling and production plat- 
form designed with 18 well slots, a standard 
packaged API drilling rig and production 
equipment for 60 million standard cubic feet 
daily gas (MMcfd) production (figure 1). 
The platform was installed in 1977 and sup- 
ported 9 conductors; it was located 
approximately 90 mi (145 km) southwest of 
Morgan City, Louisiana, in 237.6 ft (72 m) of 
water. 


The concept of Rigs-to-Reefs is not new. For 
many years, fishermen and divers have con- 
gregated around Gulf of Mexico offshore 
Structures where they found better fishing 
and diving (Ditton and Auyong, 1984). The 
structures have been taken for granted in 
Louisiana and Texas where there are several 
thousand inplace. Florida recognized the ex- 
cellent reef potential afforded by these 
structures and made known its desire to ob- 
tain obsolete structures to add to its extensive 
artificial reef program (Barrett, 1984). An 
Exxon subsea production template (1980) 
and Tenneco structures (1982, 1985) were 
towed to locations off of Florida, aiid a 
Marathon structure (1983) was moved to a 
site offshore Alabama (Reggio, 1987). All of 
these efforts required costly towing to distant 
sites where reef programs were in effect. 
Generally, these projects were driven by 
goodwill or as a demonstration for tax incen- 
tive legislation. Economic factors would 
have suggested the structures should be 
hauled ashore for scrap. 


In 1984, the National Fishing Enhancement 
Act (Title Il of P.L. 98-623) was passed, 
designed to ensure the responsible and effec- 
tive construction of ariificial reefs in the 
United States waters. The Act specified na- 
tional standards, provided for a National 
Artificial Reef Plan (U.S. Dept. of Com- 
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merce, NMFS, 1985) and addresses the 
liability of a reef permittee and reef material 
donors. 


Shortly afterwards, the Louisiana Artificial 
Reef Initiative (LARI) was commenced to 
respond to concerns that the State’s “reef” 
system of petroleum structures would be dis- 
appearing at an alarming rate. Legislation 
for the Louisiana Artificial Reef Develop- 
ment Program (Act 100) was passed in June 
1986, and the site selection process for the 
first eight reef planning areas was finalized 
approximately one year later (Wilson, Van 
Sickle, and Pope, 1987). 


Initial reef areas established under the LARI 
program were located in water depths 
greater than 150 ft (45 m). Structures in 
these water depths offer a better likelihood 
of an operator realizing cost savings utilizing 
a reef option over onshore scrapping. It is 
also possible in these water depths to achieve 
sufficient navigational clearance with normal 
dismantling techniques and minimize 
navigational aids maintenance costs. Reefs 
in shallower water, while they may be more 
accessible to recreational fishermen, will 
generally be at a cost disadvantage when 
compared to hauling materials to shore for 
scrap. Suggested methods to offset this cost 
differential include (1) creating tax incen- 
tives (as provided in the National Artificial 
Reef Plan) in return for the value of the 
artificial reef material being donated, (2) 
paying for reef materials by the artificial reef 
program, and (3) developing a program in 
which an oil company allows cost savings for 
deep water salvage(s) to offset the increased 
costs for shallow water salvage(s). 


When it became apparent that the structure 
on South Marsh Island 146 would be of no 
further use for petroleum production, efforts 
began with the State of Louisiana to have it 
included within one of the planned reef 


areas. The proposed area survived the site 
selection process, and work began in satisfy- 
ing legal and regulatory concerns. 
Innovative engineering alternatives would 
be developed to identify the most cost-effec- 
tive methods of platform decommissioning. 


Legal Considerations 


A review of the Operating Agreement was 
made to ensure all activities were properly 
authorized. It was decided that a letter 
would be sent to joint-interest owners of the 
platform notifying them of plans for the reef 
creation. No concerns were voiced by the 
partners. 


The next task of great importance to OXY 
was development of the deed of donation for 
the Louisiana Artificial Reef Program. Both 
the title transfer and the monetary donation 
would be made a part of the package. The 
Structure’s distance from shore and ap- 
proximately 125 ft (38 m) of navigational 
clearance keep liability concerns at a mini- 
mum. However, as a model for future reef 
projects, the format for the deed of donation 
needed to adequately relieve donor com- 
panies from these uncertainties. This was 
accomplished to the satisfaction of both par- 
ties a couple of weeks prior to salvage 
operations. 


Regulatory Considerations 


The Louisiana Artificial Reef Program, 
within the Department of Wildlife and 
Fisheries, submitted a permit to the Corps of 
Engineers to establish the reef area around 
the South Marsh Island 146 "A" platform, 
which was located within one of the planned 
reet areas. The careful planning done in the 
Louisiana program produced no adverse 
public expressions during the comment 
period. 
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OXY had worked closely with the Minerals 
Management Service (MMS) in their Rigs- 
to-Reefs efforts over the past years. In order 
to provide for the on-site abandonment, the 
MMS requirements for site clearance in both 
the lease agreement and OCS Order Num- 
ber 3 (U.S. Dept. of the Interior, Geological 
Survey, 1980) would have to be waived. A 
request for departure from these require- 
ments was approved by the MMS Gulf of 
Mexico Region office contingent upon par- 
ticipating in the Louisiana program under a 
Corps of Engineers permit. While plans 
were to sever the piles 16 ft (S m) below the 
mud line, the MMS on-site observers would 
be able to allow for a departure to a lesser 
depth should unforeseen difficulties be en- 
countered during the salvage operations. 
Other MMS requirements concerning the 
plugging and abandonment of wells had been 
accomplished prior to the proposed opera- 
tions. 


The decision to utilize explosives was made 
at an early stage in planning. Explosives are 
the safest, most reliable, and cost effective 
method of severing the piles and conductors 
below the mudline. In 1986, concerns 
regarding the safety of five species of en- 
dangered or threatened sea turtles brought 
explosives use for platform removals under 
careful review. Although there was little 
knowledge regarding sea turtles and their 
association with offshore platforms, the 
MMS began requesting information from 
operators prior to platform removals. If ex- 
plosives were to be used, the MMS 
determined that it "may affect" endangered 
species and initiated a consultation with the 
National Marine Fisheries Service (NMFS) 
based on Section 7 of the Endangered 
Species Act of 1973. The NMFS evaluated 
each situation and provided an Incidental 
Take Statement that protected an operator 
from penalties under the Endangered 
Species Act if they incidentally "took" a sea 


turtle, provided conditions specified in the 
Statement were followed. 


Prior structure removals had included 
NMES and MMS observers, and almost all 
had limited explosives operations to a period 
somewhat shorter than daylight hours. OXY 
voiced its objections to this and requested 
round-the-clock operations based on (1) the 
unlikelihood of turtles in 237.6 ft (72 m) 
water depth and this distance from shore; (2) 
the extremely high fixed costs associated with 
marine operations; (3) the high risk and cost 
of encountering weather standby time while 
being shut down waiting on daylight; and (4) 
the “ultimate” mitigation measures being 
taken through the creation of a permanent 
marine reef habitat. Discussions with the 
MMS and NMFS were productive and the 
Incidental Take Statement provided for 24- 
hour operations if no "resident" turtles were 
observed during a specified observation 
period prior to the detonations. The state- 
ment still required observations during 
daylight hours to locate and remove transient 
turtles. 


Because of the lack of additional knowledge, 
observation is at present the only scientific 
way to determine the presence or absence of 
turtles at a platform. It is hoped that the 
"resident" turtle concept can be extended to 
other platform removals, allowing around- 
the-clock operations. 


Observations and removal tactics for marine 
mammals (primarily dolphins) were to be 
included as mitigative measures. The 
Marine Mammal Protection Act of 1972 
protects these animals. The Incidental Take 
Statement under the Endangered Species 
Act did not cover marine mammals; how- 
ever, the NMFS personnel could authorize 
the use of "scare" charges to encourage the 
animals to leave. A “permit” under the 
Marine Mammal Protection Act to “take” 


80) 


animals would be a lengthy regulatory effort. 
Dolphins, however, are more easily located, 
and it was felt that they could be successfully 
moved away from the site if any were seen 
prior to detonating explosives. 


Engineering Considerations 


OXY’s initial engineering activities 
evaluated the potential platform abandon- 
ment options to select the optimum method 
of exploring opportunities provided by the 
Louisiana Artificial Reef Program. Options 
available for constructing artificial reefs are 
as follows (Reggio, 1987): 


1. Abandon structure in place 


ty 


. Partially remove structure 


‘so 


. Topple structure on location 
4. Removal and relocate structure 


After the alternatives and current available 
technologies were considered, it was deter- 
mined that the logical and most economical 
method of decommissioning the South 
Marsh Island 146 structure would be to top- 
ple it in place. The deck section and 
equipment would be removed for reuse and 
to allow access to the piles for setting char- 
ges. 


Engineering analyses that needed to be done 
included the following: 


1. Establish the magnitude of the pull- 
ing load necessary to topple the 
jacket. 


tm 


Establish the structural capacity of 
the platform to ensure design 
capacities would not be exceeded by 
the pulling load. 


3. Establish the foundation capacity of 
the mudline framing to determine its 
ability to withstand toppling stress. 


4. Physically inspect the platform to 
verify its integrity relative to design 
capacities. 


5. Establish a method to sever piles and 
conductors that would guarantee 
severance while minimizing the 
amounts of explosives to diminish ef- 
fects on marine life. 


6. Plan salvage sequence that can be 
performed with marine equipment 
currently available in the Gulf of 
Mexico. 


Salvage Operations 


In late September, a crew was placed on the 
platform to perform preparatory cleaning 
and dismantling work. This minimized costly 
derrick barge time during salvage opera- 
tions. At the same time, a team of divers 
performed an underwater inspection of the 
jacket to verify its integrity. Due to the water 
depth and size of the jacket, the inspection 
took two days. 


On October 25, 1987, the crane ship Ocean 
Builder 1 was positioned alongside the South 
Marsh Island 146 "A" structure. The 9 con- 
ductor strings were each severed 16.4 ft(5 m) 
below the mudline utilizing 30 Ibs (13.6 kg) 
of Comp "B" explosives in a double 
detonated configuration. The charges were 
specifically engineered to minimize the 
amount of explosives required, but were 
sized sufficiently to ensure that the multiple 
pipe strings in each conductor were severed 
completely on the first attempt. Operations 
were carried on from the platform as each 
conductor was shot separately with an 
average 20-minute delay between firings. 
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The impact of these charges was small 
enough to allow certain other work tasks to 
be performed concurrently with the severing 
of the conductors. 


Next, the quarters building and production 
equipment skids were removed from the 
deck and placed on the cargo barge. The 
deck legs were than severed below the exist 
ing stabbing guides so the 1,250-short-ton 
(1,134-metric-ton) deck could be removed. 
After the deck had been removed and sea- 
fastened on the cargo barge, the barge and 
tug were sent to shore. OXY will reuse the 
production equipment and quarters. The 
deck has been sold to another company for 
reuse. 


Previous literature has indicated that reuse 
was not an economic alternative. Present 
conditions such as low oil and natural gas 
prices, idle salvage yards, and the many small 
companies entering the offshore exploration 
and production business have made reuse a 
viable alternative to onshore scrapping or 
reef creation. 


With the jacket protruding approximately 
16.4 ft (S m) above the water surface and the 
conductors another 39.4 ft (12 m) higher, the 
next task was to sever the structure’s piles. 
The eight 48-inch (outer diameter) by 2-inch 
(121.9 cm by 5.08 cm) W. T. piles were each 
cut by utilizing 50 Ibs (22.7 kg) of Comp "B" 
in a “configured” charge placed 16.4 ft (5 m) 
below the mudline. The charges were stag- 
gered to eliminate cumulative effects of the 
explosions on marine life. The piles were 
successfully severed, evidenced by the jacket 
sinking several feet. 


Next, cap plates were welded on the piles and 
the water was blown out to minimize both the 
on-bottom weight and the corresponding 
pulling load necessary for toppling. Four 
derrick barge anchor cubles were attached to 


the jacket and the barge was positioned ap- 
proximately 800 ft (244 m) from the jacket 
(figure 2). After pulling a constant 350 short 
tons (318 metric tons) on the anchor winches 
for about 60 minutes, the mud suction at the 
base of the platform broke, and the 3,500 
short-ton (3,175 metric-ton) jacket, conduc- 
tors, and piles (figure 3) toppled. 


Results 


The permanent high profile benthic reef 
created is quite impressive (figure 4). The 
South Marsh Island 146 reef has over 1.4 
hectares (3.5 acres) of hard substiate surface, 
and it encloses over 3.3 million ft* (93,400 
3 

m') of volume, The mudline plan is more 
than 41,964 ft? (3,900 m*~), which is better 
than twice the footprint of the original con- 
figuration. 


The reef is stable. It has a calculated safety 
factor of 10 against sliding due to forces from 
100-year-design wave and current. The reef 
will also have a long life. Assuming a 15-year 
life remaining on the existing anodes and 
utilizing the average corrosion rate of steel 
immersed in saltwater, we can conservatively 
expect a life approaching three centuries. 


Fish mortality due to the explosives was min- 
imal. Approximately 75 fish floated to the 
surface. Red snapper (Lutjanus cam- 
pechanus), vermilion snapper (Rhomboplites 
aurorubens), sand seatrout (Cynoscion 
arenanus), reef butterflyfish (Chaetodon 
sedentanius ), and black grouper (Mycteroper- 
ca microlepis) accounted for over 40 percent 
af the species recovered. Divers also found 
a small number of fish on the bottom. A 
posttoppling dive and video survey con- 
ducted by the same dive team that had done 
the diving one month earlier indicated fish 
levels approaching those prior to salvage 
operations. 


The Louisiana Artificial Reef Program 
shared in the cost savings realized by OXY. 
The monetary donation made by OXY to the 
program will be used to offset ac..1inistrative, 
legal, buoying, and maintenance expenses as- 
sociated with the reef site. This money and 
future monies collected by the program may 
also be used to subsidize costs of developing 
shallow water reefs where the construction 
and/or maintenance costs exceed normal sal- 
vage costs. Hopefully, monetary donations 
will enable the Louisiana Program to be a 
self-sustaining, “full service” reef program 
that combines the needs of nearshore recrea- 
tional fishermen and offshore commercial 
fishermen and effectively utilizes these 
materials of opportunity from the oil and gas 
industry. 
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Impacts of the Explosive Removal of 
Offshore Petroleum Platforms on 
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Abstract 


Strandings of 51 dead sea turtles (primarily 
Lepidochelys kempi), 40 do|lphins (primarily 
Tursiops truncatus), and many fish were 
recorded on beaches in the northwestern 
Gulf of Mexico from March 19 to April 19, 
1986. During this period explosives were 
used to remove several oil platforms in ad- 
jacent offshore waters. Drift bottles released 
at the site of one of the explosions were 
recovered with some of the strandings. 
Shrimp fishing activity, a known cause of 
turtle mortality, was at a normal seasonal 
low. Circumstantial evidence suggests that 
at least some of the strandings of marine 
animals may have been due to underwater 
explosions used in removal of oil platforms. 


A total of 6 turtles was observed at 3 of 11 
removal sites during March 1986 through 
September 1987, and a maximum of 26 dol- 
phins was observed at each of 10 sites. One 
wild sea turtle was observed sinking after an 
explosion, but it could not be recovered to 
document its injuries. Necropsy of one 
stranded loggerhead turtle found two days 
after a 1987 removal showed hemorrhaging 
of the lungs, which is consistent with impacts 
of an explosion; this condition may also be 
attributed to postmortem decomposition of 
tissue. In a preliminary experiment, two of 
four Kemp’s ridley and three of four logger- 
head (Caretta caretta) turtles were rendered 
unconscious after placement within 3,002 ft 
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(915 m) of the simultaneous explosion of four 
$0.7-lb (23-kg) charges. 


Comparison of turtle strandings during 
periods characterized by high and low num- 
bers of offshore explosions (March-April 
1986 and March-April 1987, respectively) 
Suggested a positive relationship between 
the frequency of explosions and the stranding 
of turtles. Although dolphins may be im- 
pacted by explosions, the relationship 
between the stranding of dolphins and off- 
shore explosions was not as conspicuous. 


Introduction 


Between March 19 and April 19, 1986, 51 
dead sea turtles, primarily the endangered 
Kemp’s ridley (Lepidochelys kempi), were 
found on beaches of the upper Texas coast. 
Ten petroleum structures were removed 
from this area when shrimping activity, a fac- 
tor contributing to turtle mortality 
(Henwood and Stuntz, 1987), was at a 
seasonal low (figure 1). 


During the summer of 1986 the Minerals 
Management Service (MMS) and the Na- 
tional Marine Fisheries Service (NMFS) 
discussed the effects of offshore explosions 
on endangered and threatened sea turtles. 
They agreed to hold formal consultations, as 
provided under Section 7 of the Endangered 
Species Act of 1973, for each proposed use of 
explosives in Outer Continental Shelf (OCS) 
waters of the Gulf of Mexico. Beginning in 
1987, companies planning to remove oil and 
gas structures (platforms, caissons, well con- 
ductors, flare stacks, etc.) with explosives 
were required to obtain a permit from MMS. 
Permits authorized the use of explosives, 
provided the company followed certain re- 
quirements, which generally included the 
following: (1) visual monitoring for turtles 
around the removal site by observers ap- 
proved by NMFS and operating from the 


work platform and frequently from helicop- 
ters, (2) pre- and postblast diver surveys for 
sea turtles, (3) delaying detonations to allow 
observed turtles to leave the area, (4) 
detonating only during daylight hours to 
facilitate visual monitoring, and (5) stagger- 
ing detonations to reduce the maximum 
pressure generated by the explosions. 


High-velocity explosives are typically used to 
sever pilings and conductors 16.4 ft (5 m) 
below the mudline during removal opera- 
tions. A crane then lifts these structures out 
of the water to a barge for return to shore. It 
is important to assess the potential impacts 
of these activities on sea turtles and other 
marine life. The MMS estimates that there 
were 3,435 platforms in the Federal OCS as 
of December 1986 and predicts between 60 
and 120 structures will be removed annually 
for the next five years. The National Re- 
search Council (1985) estimates 
approximately 1,700 structures will be 
scheduled for removal between 1984 and 
2000. The Council predicts about 100 to 130 
removals annually between 1990 and 2000. 


This paper reports on (1) the relationship of 
explosive events with strandings of sea turtles 
and dolphins, (2) biological monitoring at 11 
Structure removal sites during April 1986 
through September 1987, and (3) an experi- 
ment in which sea turtles were exposed to 
underwater explosions associated with the 
removal of a platform. Information pertain- 
ing to the association of turtles with offshore 
Structures and the impacts of underwater ex- 
plosions on turtles and dolphins is also 
discussed. 


Materials and Methods 
Sea Turtle Stranding Network 


Since 1980, a sea turtle stranding network, 
operating primarily on a volunteer basis, has 


collected data from the U.S. Gulf of Mexico 
and Atlantic coasts. All information is 
centralized at the NMFS Miami Laboratory. 
The NMFS Sea Turtle Stranding Network 
has been documenting beach strandings of 
turtles along the Texas and western 
Louisiana coasts through routinely 
scheduled surveys since the spring of 1986. 
Prior to this, NMFS surveyed the beach only 
in response to strandings reported by the 
public. Organizations supporting this net- 
work include the University of Texas Marine 
Science Center, McNeese State University, 
Louisiana Department of Wildlife and 
Fisheries, and the U.S. Fish and Wildlife Ser- 
vice. 


Both the area and frequency of coverage 
have increased tremendously since inception 
of the program. Nearly all U.S. beaches 
along the Gulf of Mexico west of the Mer- 
mentau River, Louisiana, are surveyed 
biweekly if accessible by pickup truck, 
motorcycle, or all-terrain vehicle. Some es- 
tuarine and remote island shorelines have 
been included in the survey area. To assess 
the effects of explosions more accurately, 
surveys along the coastline were generally 
intensified near inshore platform removal 
sites both immediately prior to and immedi- 
ately following scheduled structure removal 
(figure 2). 


Marine Mammal Stranding Network 


The National Marine Mammal Stranding 
Network operates primarily on a volunteer 
basis and responds to calls from the public. 
Organizers in various states report strand- 
ings to a central office in Orlando, Florida. 
Data in this paper were supplied by the Texas 
Marine Mammal Stranding Network, Col- 
lege of Veterinary Medicine, Texas A&M 
University. Information gathered through 
the NMFS Sea Turtle Stranding Network has 


assisted in the acquisition of data on marine 
mammal strandings. 


NMFS Monitoring of Platform and Caisson 
Removals 


Observers monitored the area around struc- 
ture removal sites prior to, during, and after 
detonation of explosives (figure 3, table 1). 
Preblast monitoring for sea turtles was con- 
ducted from (1) work and/or materials 
barges, (2) the structure being removed. (3) 
tug boats or crew boats as available, anu (4) 
helicopters, if required in the Section 7 con- 
Sultation authorized by the Endangered 
Species Act. Observers used helicopters to 
survey around the removal site to a distance 
of 0.9 mi (1.5 km). Thirty-minute flights 
were made within | h prior to and immedi- 
ately following the detonations. 
Detonations were delayed 1 h if sea turtles or 
marine mammals were observed within 3,002 
ft (915 m) of the detonation site, and the 
Survey was repeated, unless there was 
verification that the animals had moved 
beyond the 3,002-ft range. Oil company 
divers made preblast dives around the struc- 
tures to document the presence of sea turtles, 
marine mammals, and fish. 


In all but one case, explosives were 
detonated no earlier than 1 h after sunrise 
nor later than 1 h before sunset. Following 
the detonations, dead or injured marine life 
were sampled on the bottom by divers and on 
the surface by personnel operating from a 
vessel. Observers in helicopters assisted this 
effort by communicating their observations 
to personnel collecting the animals. Fish 
were measured and identified. Drift cards 
were released at the removal sites in an at- 
tempt to document surface currents and to 
assist in correlating the location of strandings 
with offshore explosions. 


9] 


Exposure of Turtles to an Underwater 
Explosion 


An experiment was designed to provide 
preliminary information on the extent of the 
impact zone created by the explosive 
removal of an offshore platform. Kemp's 
ridleys weighing 1.3, 2.9, 3.3, and 14.8 ib (0.6, 
1.3, 1.5, and 6.7 kg) and loggerhead turtles 
weighing 8.8, 9.3, 12.1, and 15.0 Ib (4.0, 4.2, 
5.5, and 6.8 kg) were placed in plastic mesh, 
steel framed cages 3.0 ft by 3.0 ft by 3.9 ft (0.9 
m by 0.9 m by 1.2 m), one turtle of each 
species at four distances--750; 1,200; 1,800, 
and 3,000 ft (229 m, 366 m, 549 m, and 915 
m). Turtles were unrestrained and allowed 
to swim freely in the cages. All turtles had 
deformed flippers but were otherwise heal- 
thy, and all were permanent residents of the 
NMFS, Southeast Fisheries Center, Galves- 
ton Laboratory. The cages were submerged 
to a depth of 14.8 ft (4.5 m) over the 29.5-ft 
(9-m) deep sea bottom, just prior to the 
simultaneous explosion of four $0.7-Ib (23- 
kg) charges of nitromethane placed inside 
the platform pilings at a depth of 16.4 ft (5S m) 
below the mudline. The energy level of the 
shock wave generated by the explosion was 
estimated by Cummings for each of the four 
distances. Immediately following the ex- 
plosion, turtles were retrieved and inspected 
carefully for external damage. Seabed 
drifters and drift bottles were released to 
define prevailing currents that might carry 
injured or dead marine animals ashore. All 
animals were transferred to the NMFS Gal- 
veston Laboratory and examined daily for 
the next month. The experiments were un- 
dertaken with the permission of the U.S. Fish 
and Wildlife Service under Permit No. PRT- 
676379. 


Shrimp Fleet Fishing Effort 


Detailed catch statistics for the U.S. Gulf of 
Mexico shrimp fishery have been compiled 


since 1956, and the procedures used to col- 
lect them are described by Klima (1980). 


Results 


Relationship of Explosive Events with Strand- 
ings of Marine Life 


A series of at least 22 explosions occurred 
between March 19 and April 5, 1986, in con- 
junction with oil field structure removals 
within 4.4-6.8 mi (7-11 km) of the Bolivar 
Peninsula, near Galveston, Texas (table 2). 
During this period and the following two 
weeks, 51 dead turtles were found on 
beaches in Statistical Area 18, which includes 
Bolivar Peninsula and Galveston Island (fig- 
ure 4). Of the 51 turtles stranded, 25 (49 
percent) were reported within an 6.8-mi (11- 
km) radius and 44 (86 percent) within a 
33.6-mi (54-km) radius of the structures that 
were removed. Forty-one dolphins (Tirsiops 
truncatus), 15 of which were apparently 
smaller than the usual size at birth (i.e., 
fetuses = 47.2 inches [120 cm] total length), 
also stranded (figure 4). After two detona- 
tions (370.4 lb [168 kg of explosive]) on April 
5, sheepshead (Archosargus _probato- 
cephalus), black drum (Pogonias cromis) and 
a variety of other fish species were observed 
floating on the surface. Perforated air blad- 
ders were found in five sheepshead collected 
in bottom trawls after the detonations 
(Andre Landry, unpublished data). Fifty- 
four sheepshead and 69 black drum were 
stranded along 13.7 mi (22 km) of beach 
immediately inshore of the removal site over 
the next 14 days (figures 5 and 6). 


Turtles. Beaches in Statistical Area 18 were 
surveyed for approximately 312 and 320 
man-hours in 1986 and 1987, respectively. In 
1985, however, NMFS personnel examined 
the beaches in this area only in response to 
public reports of stranded marine life. From 
March 19 to April 19, nine turtle strandings 


were reported in Statistical Area 18 during 
1985, 51 in 1986, and only 4 during the same 
period in 1987. Based on the siate of decom- 
position of a turtle and the reported date of 
stranding, one turtle from each of the 1985 
and 1986 data sets had died previous to the 
March-April sampling period. At least 22 
explosions were reported in Texas State 
waters of Area 18 during this period in 1986, 
and one explosion was reported in Federal 
waters in 1987. Comparison of turtle strand- 
ings during periods characterized by high and 
low numbers of offshore explosions (March- 
April 1986 and March-April 1987, 
respectively) suggested a positive relation- 
ship between the frequency of explosions and 
the stranding of turtles (figure 7). Strandings 
of turtles in western Louisiana (Statistical 
Area 17) were minimal for 1985 (3 turtles) 
and 1987 (30 turtles). However, in 1986, 122 
stranded turtles were reported; 119 of the 
Strandings occurred during May through 
September. 


Two turtles that were stranded on beaches 
within two weeks after explosions at 
monitored platforms were autopsied. One 
loggerhead showed no characteristics consis- 
tent with explosive impacts. External 
inspection of another loggerhead found dead 
two days following a nearshore explosion 
revealed a bloated carcass with green flesh 
and gas bubbles beneath the scutes. Necrop- 
sy showed lung hemorrhage, four ruptures of 
the right atrium, and bloody fluid in the 
pericardial sac (Andre Landry, personal 
communication). Lung hemorrhage is con- 
sistent with impacts resulting from 
underwater explosions. However, this con- 
dition, along with ruptures in the heart, may 
also be the result of postmortem decomposi- 
tion. 


Marine mammals. Between March 19 and 
April 19, six dolphins (all Tizrsiops truncatus) 
stranded in 1985, 41 (40 7. truncatus and | 


Stenella sp.) in 1986, and 22 (T. truncatus) in 
1987 in Statistical Area 18. Of these, 15 dol- 
phins in 1986 and 22 in 1987 were considered 
either fetuses or newborns (length = 47.2 
inches [120 cm]). Based on state of decom- 
position and the reported date of stranding, 
one adult and two fetal dolphins in 1986 and 
one adult dolphin in 1987 had died before the 
March 19 to April 19 sampling period. Only 
three stranded dolphins were reported in 
Statistical Area 17 between January 1985 and 
December 1987. Although dolphins may be 
impacted by explosions, the relationship be- 
tween the stranding of dolphins and offshore 
explosions was not readily apparent (figure 
8). 


Biological Monitoring at Removal Sites 


Turtles. A total of 6 turtles was observed at 3 
of 11 removal sites monitored by NMFS 
(table 1). One sighting of a green turtle 
(Chelonia mydas) and multiple sightings (4 
and 7 observations) of two loggerhead turtles 
were made over a 4-day period near a plat- 
form 83.9 mi (135 km) off Sabine Pass just 
prior to its removal on July 20-21, 1986. 
After the first of six explosions an upside- 
down, stunned turtle, presumably a 
loggerhead, was observed drifting downcur- 
rent about 19.7 ft (6 m) below the surface. 
Three sightings of loggerhead turtles were 
reported at two other removal sites. All were 
observed more than 3,002 ft (915 m) from the 
detonation sites during helicopter surveys. 
One was seen during a preblast survey and 
two during postblast surveys. All turtles 
were on the surface and dove underwater 
when approached by observers in a helicop- 
ter. 


Manne Mammals. Between 0 and 26 dol- 
phins were observed at each of 10 removal 
sites monitored by NMFS (table 1). On 
three occasions their presence delayed the 
scheduled detonation of explosives. Scaring 
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dolphins with small explosive charges and 
herding dolphins with boats were not always 
effective in moving the dolphins away from 
the detonation site. The minimal effort ex- 
pended on feeding dolphins to lure them 
from the removal site was unsuccessful. 


Fishes. Fishes were killed at all plat‘orm 
removal operations (table 3). The explosive 
removal of structures in water depths > 65.6 
ft (20 m) killed more fish than at shallower 
sites. An estimated 1,000-2,S00 red snapper 
(Lutjanus campechanus) and several cobia 
(Rachycentron canadum ), two species under 
Federal management, were killed at one 
removal site, where water depth was 137.8 ft 
(42 m). Postblast samples of fish mortalities 
Showed greater species diversity at deeper 
sites. The number of fish killed decreased 
with subsequent explosions at structures re- 
quiring multiple detonations. 


Exposure of Turtles to an Underwater 
Explosion 


In June 1986, a platform off Bolivar Penin- 
sula, Texas, was reinoved using 202.9 Ib (92 
kg) of explosives. Although in-water meas- 
urements of pressure levels were not 
recorded, values based on mathematical 
models were estimated to be 221, 217, 213, 
and 209 db for horizontal distances from the 
detonation site of 750; 1,200; 1800; and 3,000 
ft (229 m, 366 m, 549 m, and 915 m), respec- 
tively (William Cummings, unpublished 
data). Two Kemp’s ridleys (14.8 and 1.3 Ib 
[6.7 and 0.6 kg]) and two loggerheads (9.3 
and 12.1 Ib [4.2 and 5.5 kg]) within 1,200 ft 
(366 m), as well as one loggerhead (15.0 Ib 
[6.8 kg]) at 1,800 ft (915 m), were rendered 
unconscious by a simultaneous explosion of 
four 50.7-lb (23-kg) charges. Approximately 
0.8 inch (2 cm) of the cloacal lining everted 
through the anal opening of the Kemp’s rid- 
ley (14.8 lb [6.7 kg]) positioned at 750 ft (229 
m). Ridleys (2.9 and 3.3 Ib [1.3 and 1.5 kg]) 


at distances of 1,800 and 3,000 ft (549 and 915 
m) were apparently unharmed. Uncon- 
scious turtles recovered when removed from 
the cages. All loggerheads displayed abnor- 
mal pink coloration caused by dilated blood 
vessels at the base of the throat and flippers. 
This condition continued for approximately 
three weeks, after which time all turtles ap- 
peared normal. These data verified that 
explosions can result in both near and far- 
field injuries to turtles (table 4). 


Supplementary data pertaining to fish were 
collected in conjunction with these experi- 
ments. Sheepshead, Atlantic croaker 
(Micropogonias undulatus), Atlantic bumper 
(Chloroscombrus chrysurus), Atlantic 
spadefish (Chaetodipterus faber) and black 
drum were found dead floating on the sur- 
face at the blast site. Necropsy of dead 
floating fish revealed internal damage rang- 
ing from minor tears in the gas bladder to 
severe lesions of abdominal organs (George 
Guillen, personal communication). The 
same species were subsequently found dead 
on adjacent beaches. Twenty-nine of ninety- 
nine drift bottles released at the platform 
were found in the same beach locality as the 
fishes within two days after the explosion, 
indicating that surface currents probably 
were strongly directed toward shore. Three 
of ninety-nine seabed drifters released at the 


platform were also recovered along the 
beach. 


Review and Discussion 
Relation of Strandings to Explosions 


Dates and locations pertaining to the use of 
underwater explosives at offshore oil and gas 
structures are scattered throughout oil and 
gas industry files. No government agency or 
agencies maintain a complete data base for 
explosives operations in offshore waters and 
coastal embayments. It would be a very long, 


arduous, and costly task to locate these 
records and compile them into an accurate 
and useful data base even with the coonera- 
tion of everyone involved. But compilation 
of these data is a prerequisite to comparing 
sea turtle strandings with the frequency and 
location of offshore explosions. 


Nevertheless, there is a striking relationship 
between the number of strandings that oc- 
curred during a period of high versus low 
removal activity; 51 turtle strandings oc- 
curred in Statistical Area 18 during March 
19-April 19, 1986, following 22 nearshore 
explosions versus 4 strandings during the 
Same period in 1987, when no explosions 
were reported. Thus, it appears that plat- 
form removals may have affected the 
Strandings of turtles near Bolivar Peninsula. 
Although there is not such a striking relation- 
ship between the strandings of dolphins and 
explosive platform removals, more dolphins 
were found stranded in Statistical Area 18 
during the March 19-April 19 time period in 
1986 than in 1985 or 1987. 


It is difficult to establish a connection be- 
tween the strand ng of an individual sea 
turtle and a particular offshore explosion. 
Turtles found on beaches are usually in such 
poor condition that it is impossible to deter- 
mine cause of death even with a necropsy. 
Dead sea turtles generally sink until decom- 
position gases float the carcass to the surface 
two to three days later. Consequently, move- 
ment of a carcass may not correspond with 
that of drift cards released after an under- 
water explosion. Similarly, it is difficult, 
using surface observations, to document 
dead turtles immediately after an under- 
water explosion. A fresh sea turtle carcass 
placed 2.2 mi (3.6 km) off the coast of the 
southeastern United States took 13 days to 
wash ashore (Sally Murphy, personal com- 
munication). Depending on the magnitude 
and direction of winds and currents, dead 


turtles may take weeks to wash ashore. The 
greater the distance from shore at time of 
death, the less likely the carcass will reach the 
beach. In addition, injured turtles are less 
able to avoid predators or may swim for un- 
determined distances and times before 
succumbing to injuries. Murphy also ob- 
served sharks feeding on turtle carcasses at 
sea. Thus, an absence of stranded turtles on 
the beach is not conclusive evidence that 
turtles were not injured by offshore ex- 
plosions. 


Relation of Shrimping Effort to Strandings 


An increase in turtle strandings did not cor- 
respond with an increase in shrimp fishing 
effort. In Statistical Area 18, strandings were 
high during March-April 1986. However, 
shrimping effort within 59.1 ft (18-m) depths 
was low during March and April in 1985, 
1986, and 1987 (130-340 vessel days fished, 
50-390 days, and 100-240 days, respectively), 
while fishing effort was much higher in sum- 
mer and fall months (840-1,430 vessel days 
fished, 570-700 days, and 2,400 days through 
July, respectively). 


Turtle strandings increased along the Atlan- 
tic coast when the shrimp season opened and 
fishing effort was high (Sally Murphy). How- 
ever, low shrimping effort can result ina high 
incidence of turtle capture and subsequent 
death in areas where sea turtle density is 
high. Ogren suggests that the high number 
of reported captures of juvenile Kemp’s rid- 
leys by shrimpers in the mid-1970’s may be 
correlated with high densities of portunid 
crabs, a primary food source of the ridley 
turtle. 


Effects of Explosions 


Information about the effects of underwater 
explosions on sea turtles is extremely limited. 
O’Keeffe and Young (1984) describe a series 
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of three underwater shock tests conducted by 
the Naval Coastal Systems Center near 
Panama City, Florida in 1981. Despite 
helicopter surveys for turtles prior to each of 
three detonations of 1,200 lb (544 kg) of 
trinitrotoluene (TNT) at middepth in water 
about 121.4 ft (37 m) deep, at least three 
turtles were found after the explosions. One 
turtle was killed at a distance of 500-700 ft 
(152-213 m); one turtle at 1,200 ft (366 m) 
Sustained minor injuries; and one turtle at 
2,000 ft (610 m) appeared to be uninjured. 
O’Keeffe and Young (1984) assumed that 
shock waves injured the lungs and other or- 
gans that contained gas, as is known to occur 
in birds and mammals. Researchers also ex- 
pected the ear drums of turtles to be sensitive 
and smaller turtles to suffer greater injuries 
from the shock wave than larger turtles. 


In the absence of other information, O’- 
Keeffe and Young (1984) estimated a safe 
range of at least 259.2¢t/2.21b0 
(79mv/kg"”?) of explosive. This method 
predicts a safe range beyond 1,161.5 ft (354 
m) for the detonation of a 203-lb (92-kg) 
explosive. Our data show a damaged cloacal 
lining in a loggerhead turtle at a distance of 
1,200 ft (366 m) from the simultaneous 
detonation of four charges totaling 203 Ib (92 
kg). In addition, one loggerhead was 
rendered unconscious at a distance of 3,000 
ft (915 m). Experimental animals were 
revived during the handling required to as- 
sess their physical -ondition. However, in 
the wild, unconsciousness will render a turtle 
more susceptible to predation, and the un- 
conscious turtle may sink to the bottom. 
Although resting turtles can remain sub- 
merged for several hours, the effects of 
submergence on stunned turtles is unknown. 


Little information is available on the effects 
of explosions on marine mammals (O'Keeffe 
and Young, 1984). Research conducted at 
the Lovelace Biomedical and Environmental 


Research Institute on the impacts of under- 
water explosions on dogs, sheep, and 
monkeys showed similarities between 
species for response to shock waves as a func- 
tion of specimen size. Two types of injuries 
resulted from underwater explosions: (1) 
hemorrhaging in and around the lungs, and 
(2) excitation of radial oscillations of small 
gas bubbles normally present in the intestine 
(Richmond, Yelverton, and Fletcher, 1973; 
Yelverton et al., 1973). 


Goertner (1982) developed a computer 
model to predict distances at which marine 
mammals exposed to underwater explosions 
would sustain injuries. The model estimated 
that an Atlantic bottlenose dolphin calf 
would suffer slight injury at approximately 
3,901 ft (1,189 m) from a 1,200-lb (544-kg) 
charge of TNT detonated at 124.7 ft (38 m) 
in deep water. O’Keeffe and Young (1984) 
Suggested doubling this estimate to provide 
an adequate margin of safety. Though cur- 
rently unavailable, models should be 
developed specifically for sea turtles and 
should address conditions encountered in 
platform removal operations. The mag- 
nitude of the impact zone will vary from site 
to site due to the weight and position (inside 
or outside piling; above or below mudline) of 
explosives, water depth, reflectivity of the 
bottom substrate, and reflectivity of density 
gradients within the water column. There- 
fore, existing models require refinement 
vefore they can be used with a high degree of 
confidence to predict safe ranges for turtles. 


Since fish aggregate around offshore plat- 
forms (Shinn, 1974; Hastings, Ogren, and 
Mabry, 1976; Jackson, Baxter, and Caillouet, 
1978; Gallaway and Martin, 1980; Gallaway 
and Lewbel, 1982; Tennison, 1985), probably 
for protection and food, similar factors may 
operate fer sea turtles. Are sea turtles 
regularly associated with offshore energy 
Structures, or is it only a chance event that 
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turtles may be in the vicinity of a structure 
when underwater explosives are used? 


Data collected at all structure removal sites 
monitored by NMFS observers from April 
1986 through September 1987 show a total of 
6 turtle sightings at 3 of 11 structures. Three 
of these turtles were seen at a single platform 
in July 1986 by Tim Fontaine (personal com- 
munication), who observed them at night 
apparently feeding on juvenile blue crab 
(Callinectes sapidus) and rock shrimp 
(Sicyonia brevirostris). 


A number of turtles have been observed in 
the vicinity of oil and gas structures in Gulf 
of Mexico waters off the Texas and Louisiana 
coasts. Lohoefener (personal communica- 
tion) reports sighting over 200 turtles during 
aerial surveys, many in areas characterized 
by high concentrations of oil platforms. 
Fuller and Tappan (1986) reported two 
turtles observed by divers at Louisiana oil 
platforms. One of these, a leatherback (Der- 
mochelys coriacea), apparently became 
entangled under the platform and died. We 
assume these structures provide a resting 
place or a location where food is readily 
available. Diving clubs have reported 27 un- 
derwater observations of sea turtles in the 
northwestern Gulf of Mexico through 
August 1987. Nine of these were associated 
with Texas oil platforms (Sharon Manzella, 
personal communication). 


Eight scientific studies conducted in the Gulf 
of Mexico between 1975 and 1985 offer in- 
sights on the distribution and behavior of 
turtles around natural and artificial reef 
Structures, although the studies did not focus 
on sea turtles (Rosman et al., 1987). The 
conclusion, based entirely on observations by 
divers, submersibles, and time-lapse photog- 
raphy, is that underwater sightings of turtles 
were infrequent. Photographs often showed 
turtles lying on the sea floor within the con- 


fines of the camera assembly. More turtles 
were photographed at night than during the 
day. Successive photos suggested that turtles 
might remain within 9.8 ft (3 m) of the 
camera assembly for more than 2-3 h. One 
individual loggerhead, identifiable by bar- 
nacle patterns on the shell, was seen at the 
West Flower Garden Bank in the Gulf of 
Mexico by scuba divers in February, June, 
and September of 1980. Rosman et al. 
(1987) suggested the superiority of time- 
lapse photography over diver observations 
based on 231 turtle sightings in 25,186 
photographs versus | sighting in 77 dives in 
the southwest Florida study. 


At the Buccaneer Platforms off Galveston, 
Texas, 4 sightings were reported during 527 
research dives between August 1977 and 
September 1980 (Rosman et al., 1987). Two 
of the four turtles were lying on the sea bot- 
tom in physical contact with the structure. 
The number of sightings may represent a 
minimum number of turtles in the area be- 
cause the attention of divers was not focused 
on turtles. In a similar situation on August 
20, 1987, Gitschlag conducted a task- 
oriented dive at Buccaneer without sighting 
a turtle, although Renaud observed one 
turtle twice within 20 minutes from a dive 
boat at the surface. 


Further evidence that turtles are found 
around other manmade structures comes 
from studies at Florida Power & Light 
Company’s St. Lucie Plant. Between 1976 
and i986, 1,530 sea turtles were entrained 
through three cooling water inlet pipes (12- 
16-ft [3.7-4.9-m] diameter) located 1,200 ft 
(365 m) offshore. The species composition 
of turtles included 86 percent loggerheads, 
13 percent greens, and about 1 percent 
leatherbacks, Kemp’s ridley, and hawksbill 
(Eretmochelys imbricata) combined (Florida 
Power and Light Company, 1986). 
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The above data show that turtles are found in 
the vicinity of offshore structures. However, 
the nature of this association cannot be satis- 
factorily described without further 
investigation. Quantification of resident 
versus transient turtles, distance at which 
resident turtles may range from structures, 
and seasonal abundance in various 
geographic areas are just a few of the ques- 
tions that remain to be answered. 


It is interesting to note a difference in regula- 
tions for installation versus removal of 
offshore oil and gas structures. Extensive 
environmental impact statements are pre- 
requisite to installation of offshore 
structures. In contrast, prior to 1986 no for- 
mal environmental monitoring was required 
for structure removal, despite the fact that 
these structures represent more hard sub- 
Strate habitat than occurs in all the natural 
reef and hard bank areas off the Louisiana 
coast (Reggio, Van Sickle, and Wilson, 1986). 
If recent estimates are correct, between 
1,600 and 2,000 offshore oil and gas struc- 
tures are to be removed from the Gulf of 
Mexico by the end of the century. This raises 
serious questions about the impacts not only 
of explosives but also of the potential loss of 
valuable habitat to a wide variety of marine 
life. 


While it is important to continue monitoring 
the biological impacts of explosive offshore 
removals, it is also necessary to develop 
methods to disperse protected marine life 
from removal sites prior to detonating ex- 
plosives. Standard procedures could then be 
implemented to minimize impacts to turtles 
and dolphins while simultaneously reducing 
the delays affecting the structure removal 
process at present. 


Conclusions 


Although sea turtles and dolphins are found 
at offshore energy structures, the details of 
this association have not been thoroughly 
investigated. No cause-and-effect relation- 
ship between turtle and dolphin mortalities 
and offshore explosions has been docu- 
mented because nc dead animals have been 
recovered at removal sites. Fish were killed 
at all removal sites monitored by NMFS per- 
sonnel. Experimentally exposed turtles and, 
consequently, wild turtles can be injured by 
underwater explosions. Comparison of 
turtle stranding data during periods charac- 
terized by high and low numbers of offshore 
explosions suggests a connection between 
explosions and the number of turtle strand- 
ings; data are less supportive of a relationship 
between explosions and dolphin strandings. 
The high number of dead turtles stranded in 
close proximity to nearshore structure 
removals provides circumstantial evidence 
that at least some may have been killed by 
underwater explosions. However, it is ap- 
parent that other factors, including capture 
in shrimp trawls, ingestion of plastic refuse, 
and entanglement in debris, are also respon- 
sible for turtle mortalities. 
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Offshore shrimping effort in 0-59.1 ft (0-18 m) depths for Statistical Areas 17 and 18, 1985-1987. 
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Figure 2. 


NMFS-sponsored beach survey effort (man-hours) for monitoring turtle stranding events along the 


western coast of the Gulf of Mexico. Upper numerals represent 1986 hours and lower numerals 1987 
hours expended on surveys of the coastline as indicated. 
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Figure 3. Locations of NMFS-monitored platform and caisson removals. Open circles indicate removal loca- 
tions where sca turtles were not observed. Solid circles with adjacent numerals indicate locations and 


frequencies of turtles sightings. An open circle marked with an asterisk indicates two caissons were 
removed. 
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Reported strandings of sea turtles (upper numerals) and dolphins (lower numerals) in Statistical Area 
18 between March 19 and April 19, 1986. 
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Figure 5. Strandings of sheepshead reported on Bolivar Peninsula from April 5-19,1986 
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Figure 6. Strandings of black drum reported on Bolivar Peninsula from April 5-19,1986. 
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Figure 7. Frequency of sca turtles strandings reported in Statistical Areas 17 and 18, 1985-1987. Strandings in 
1985 were reported by the public and confirmed by NMFS 
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Figure 8. 


} 
| 


* 


“ 
“~~ 
“| 
“< 
| 
. 
_ 
. 
- 
= ~ 
* 
= 
“ 
< 
“ 
_ 
os 
“ 
- 
- 


Yee eee ee ee ee 


rrvreryr rrr rr rr rr rrr rrr rrr rrr errr ee 
eeeeeeeeaaee eee eee ea ee 
x 


rrvrrrrrrr rrr rrr rrr rrr ry rrr rr rr rrr errr rer eee rrr reer rer ere 
Oe ew ee ee ew ee 


al ; 
s4sae, 
PRAPRRIR ID 
f 
y 
hhdb bd id 
. ‘ 
WARP 222222222656 55456545 55 62 oe oi 
Meee RR eM RM EM MN EK 
. x 
+ 
as 
Tt rr 
5 ‘ 
Peers 
7T 
7 
aA 
aaa 
sl 
s 


AS. 


Frequency of marine mammal strandings reported in Statistical Area 18, 1985-1987. Strandings in 1985 
were reported by the public and confirmed by NMFS. 
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Table 1 


Man-hours of Observation at NMFS-monitored Removals 
with Accompanying Sightings of Turtles and Dolphins 
(Refer to figure 6 for platform locations.) 


Approximate 
Date of Distance from Structure Man-hours of Turtles Dolphins 
Removal Shore (nmi) Depth (m) Removed Observation Sighted Sighted 
day/night 
4/86 ] ) Platlorm x0 0 26 
7/86 75 42 Platform 76/48 3 18 
11/86 10 15 Platlorm 28/14 0) 0) 
12/86 6-9 12 2 Caissons 21/0 0 iS 
87 55 ” Platform $2/45 2 24 
4/87 21 16 Caisson 13/0 l 13 
6/87 17 27 Platlorm 730 () ui 
9/87 15-18 10-15 3 Caissons 


MyV12 () 1/7 
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March-April 1986 Schedule of Removals 


Table 2 


of Oil and Gas Field Structures off Bolivar Peninsula 
(The total weight (kg) of explosive utilized at each detonation and the number of turtles and dolphins 


stranded in Statistical Area 18 during this time period are also presented.) 


Weight of Approximate 
Date Explosive (kg) Time (I) Lat. Long. Turtles 
1-18 March . . . 9 
19 45 1632 29°25’ 94°39 0 
109 1758 29°25’ 94°39" 
20 27 2235 29°25’ 94°39" l 
21 109 1703 29°25’ 94°99 3 
22 27 1130 29°25’ 94°99 () 
23 27 O815 29°25 ' 94° () 
24 109 1425 29°25 94°39 () 
25 45 1100 29°25' 94° () 
716 1333 29°25 94° Ww 
26 18 163% 29°25’ 94°39 < 
27 109 1220 29°25 94° 
27 1440 29°25’ 94°39 
28 27 1545 29°25’ 94°w 3 
29 27 0845 29°25’ 94°39 () 
109 1310 29°25 94°39 
55 2300 29°25 94°39 
x) 35 1020 29°25 94° ; 
3] 109 1015 27°25 94°99 
| April 23 1710 29°25’ 94° ? 
2 76 O805 29°25 94° () 
3 () 
4 ’ 
S $9 125] 29°25 94°39 ’ 
109 145] 29°75 94° w 
6-19 ») 
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Dolphins 


Fish Collected at NMFS-monitored Structure Removals 


Table 3 


(surface collection/bottom collection) 


Structures 
Depth (m): 


12/86 
2 Caissons 
12 


387 
Platform 
39 


4/87 6/87 


Caisson Platform 


16 27 


9/87 
3 Caissons 
10-15 


Fish Species 
by Family 


Arudae 
Hardhead catfish 


Balistidae 
Gray triggerfish 


Blenniidac 
Blenny 


Carangidae 
Atlantic bumper 
Bluc runner 
Unknown 


Clupeidae 
Menhaden 


Elopidae 
Ladylish 


Engraulidae 
Anchovy 


Ephippidac 
Atlantic spadefish 


Grammistidae 


Soapfish 


Ayphosidac 
Bermuda chub 


Lutjanidae 
Lane snapper 
Mutton snapper 
Red snapper 
Vermilion snapper 


Poradasvidae 
(srunt 


0/1 


0/1 


1/0 


1/0 


6/0 


s/0 
17/0 
6/0 


5/0 


1/0 


110 


1/0 


32/10 


10 


70 
| v1 
12/1 1/0 


18/0 


27/0 


0/1 


4/0 


618 


yy? 


Table 3 


Fish Collected at NMFS-monitored Structure Removals 
(surface collection/bottom collection) (continued) 


12/86 87 4/87 6/87 9/87 
Structures 2 Caissons Platform Caisson Platform 3 Caissons 
Depth (m): 12 39 16 27 10-15 


Fish Species 
by Family 


Pnacanthidae 
Bigeye . 1/0 


Sciaenidae 
Black drum . 6/0 . ; 
Croaker . . . : 72/1 
Scatrout 1/0 VO 4/2 2/3 
Spot . : 16/7 
Unknown 10 : 


Se rranidae 
Unknown . , 4/0 


Spandae 
Knobbed porgy 40 
Pinfish 2/0 : 
Sheepshead 8/0 13/1 131/13 $2/3 5/3 


11] 


Table 4 


Description of Turtle Injuries with Respect to Distance from Explosion 


and Estimated Energy Level (db) of Shockwave 


Estimated 
Turtle Distance From Energy Immediate 1-H 
Species Explosion (m) Level (db) Injuries Post Blast 
Lepidochelys kempi 229 221 unconscious 2 cm of cloaca everted; 
vasodilation around 
throat and flippers; 
vasodilation lasted 2-3 
weeks 
Caretta caretta 229 221 unconscious vasodilation around 
throat and flippers; 
redness around cye 
and nose; vasodilation 
lasted 2-3 weeks 
L. kempi KH 217 unconscious appeared normal 
C. caretia Re 217 unconscious normal behavior, but 
vasodilation present 
around base of 
flippers; vasodilation 
lasted 2-3 weeks 
L. kempi $49 213 none appeared normal 
visible 
C. caretta 549 213 none appeared normal 
visible except for vasodilation 
around throat and 
flippers; vasodilation 
lasted 2-3 weeks 
L. kempi 914 209 none appeared normal 
visible 
C. caretta 915 209 unconscious appeared normal 


except for vasodilation 
around throat and 
flippers; vasodilation 
lasted 2-3 weeks 


The Relationship of Rigs-to-Reefs 
to U.S. Environmental 
Conservation Law 


Ms. Suzanne ludicello 
Center for Marine Conservation 
Washington, D.C. 


Abstract 


Legal and policy research examines the Rigs- 
to-Reefs concept as an alternative to 
obsolete petroleum production platform 
removal in the context of existing U.S. 
wildlife conservation law. 


The Endangered Species Act and the Marine 
Mammal Protection Act and their im- 
plementing regulations provide procedures 
for the taking of endangered species and 
marine mammals. The Outer Continental 
Shelf Lands Act and its accompanying 
regulations require removal of obsolete plat- 
form structures. A recent review of those 
regulations requested comments on use of 
platforms as artificial reefs as an alternative 
to removal, but subsequent regulatory 
revisions did not include this option. 


Concurrent with the regulatory proposals, it 
became obvious that the explosive removal 
of obsolete petroleum production structures 
could result in the death or injury of en- 
dangered sea turtles and protected marine 
mammals. This analysis reviews the com- 
pliance of the National Marine Fisheries 
Service and the Minerals Management Ser- 
vice (MMS) with the Section 7 consultation 
procedures mandated by the Endangered 
Species Act and the Section 101 Small Take 
Exemption requirements of the Marine 
Mammal Protection Act. 


A review of the statutes, regulations, and 
legislative history was compiled as a basis 
from which to assess the regularity of permit 


procedures and the effectiveness of agency 
use of consultations. The objective of the 
review was to insure agency compliance with 
existing law. Initial review and analysis 
provided the impetus for improved agency 
permit review and subsequent modification 
of agency procedures for initiating consult- 
ations. 


Introduction 


The notion that obsolete oil production plat- 
forms can be good for fish and good for 
fishermen is now widely accepted. With the 
passage in 1984 of the National Fishing En- 
hancement Act (Public Law 98-623), the 
recognition that obsolete offshore structures 
could be valuable in developing artificial 
reefs for fishery enhancement and develop- 
ment became national policy. Included in 
that recognition was the potential of saving 
at least part of the high cost of removing an 
anticipated 20 to 30 obsolete rigs per year 
over the next 10 years (Reggio, 1987). But 
while Rigs-to-Reefs can make for good sport 
and good business, can the practice also 
make for good environmental policy? 


As has been the case with so many tech- 
nological developments from plastics to 
nuclear reactors, no one thought, when rigs 
were deployed off our shores, of the environ- 
mental consequences of removing them after 
they served their function and were no longer 
useful. One of the unforeseen environmen- 
tal consequences of rig removals has been 
the potential hazard to protected marine 
species through the use of explosives in the 
removal of obsolete platforms. 


The resultant controversy will be explored in 
the case study of several platform removals 
in the Gulf of Mexico set out below. In track- 
ing the response of public interest groups, the 
offshore industries, and the government 
agencies responsible for protecting marine 


species, a policy question for the future 
emerges: how can we successfully blend the 
purposes and objectives of the National Fish- 
ing Enhancement Act with pre-existing 
mandates set out by national energy develop- 
ment and national conservation legislation? 


The Legal Framework 


The Outer Continental Shelf (OCS) Lands 
Act 


The Outer Continental Shelf Lands Act 
(OCS Act) (43 U.S.C. 1301 et seq.) declares 
the rights of the United States in exploring, 
developing, and conserving the natural 
resources off its coasis. Those natural 
resources are defined by the Act to include 
not only submerged oil, gas, and minerals, 
but also living resources such as fish, 
shellfish, and marine mammals (43 U.S.C. 
1301(e)). The Secretary of the Interior has 
the authority to carry out the Act and to 
promulgate necessary regulations (43 U.S.C. 
1334). Among the other duties it sets forth, 
the Act states that the Secretary "may... 
prescribe and amend such rules and regula- 
tions as he determines to be necessary and 
proper in order to provide for the prevention 
of waste and conservation of the natural 
resources of the Outer Continental Shelf.” 
This language has been construed by the 
courts to mean not only conservation of 
mineral resources, but all natural resources 
as defined by the Act (Gulf Oil Corp. v. Mor- 
ton, 493 F. 2d at 144-45 (Sth Cir. 1975)). In 
fact, some commentators have suggested 
that the Secretary’s duty to exercise his 
authority to conserve all natural resources is 
mandatory, not discretionary, particularly 
when combined with the mandate of the Na- 
tional Environmental Policy Act (NEPA) 
(Gaines and Schmidt, 1978). 


The regulations for leasing in the OCS, 
among other provisions, require that 


"[w]henever practicable, the Director [of the 
Minerals Management Service] shall require 
the plugging and abandonment of any well 
which the Director determines is no longer 
useful” (30 C.F.R. 250.15). The process by 
which such an abandonment occurs was, until 
recently, set out ina series of orders from the 
regional OCS offices. The regulations also 
include a section on NEPA compliance (30 
C.F.R. 250.34-4). 


In a revision to the regulations proposed in 
1986, the MMS solicited comments on 
amendments that would consolidate techni- 
cal requirements and add provisions for 
platform removal by merging the various or- 
ders into a "single set of regulations which 
would apply generally to platforms and struc- 
tures on the OCS" (51 Fed. Reg. 8332, March 
18, 1986). The proposed language relating to 
removals required the lessee to remove all 
Structures in a manner approved by the 
Regional Supervisor, clear the area of all 
obstructions, remove the platforms to a 
depth of at least 15 ft (4.6 m) below the 
mudline, and notify the agency by letter that 
the work had been completed. There were 
no provisions for advance notice of a 
removal, nor the assessment of potential en- 
vironmental impacts from the use of 
explosives in the marine environment. 


In the same proposed revision, the Service 
noted growing support for the concept of 
Rigs-to-Reefs and solicited comments on al- 
lowing platforms to remain in place entirely 
or partially "if there are benefits to be ob- 
tained and the multiple-use concept of the 
OCS will not be violated" (51 Fed. Reg. 9333- 
34). The notice posed several questions 
about the alternative of allowing structures 
to remain in the OCS and sought views on 
opportunities, costs, technical problems, dis- 
ruption or enhancement of fisheries habitat, 
criteria for identifying platforms with artifi- 


cial reef potential, maintenance, and liability 
(51 Fed. Reg. 9334). 


The Endangered Species Act 


The Endangered Species Act (ESA) (16 
U.S.C. 1531 et seq.) was passed in the recog- 
nition that human activities were rendering 
species of fish, wildlife, and plants extinct or 
were threatening them with extinction. The 
Congress, in finding that these species were 
of value and should not be lost, stated its 
policy that “all federal departments and 
agencies shall seek to conserve endangered 
species and threatened species and shali util- 
ize their authorities” to protect the 
ecosystems upon which such species depend 
(16 U.S.C. 1531(c)). The act restricts the 
taking of species presently in danger of ex- 
tinction or likely to become so, regulates 
trade in them, provides for the designation 
and acquisition of critical habitat, and re- 
quires that Federal agencies consider 
impacts upon them in conducting various 
Federal activities (Bean, 1984). While the 
Departments of the Interior (U.S. Fish and 
Wildlife Service [USFWS]) and Commerce 
(National Marine Fisheries Service 
[NMFS]) are designated as the responsible 
agencies for carrying out the purpose of the 
Act, all Federal agencies are charged with 
ensuring that “any action authorized, funded, 
or carried out by such agency . . . is not likely 
to jeopardize the continued existence of any 
endangered species or threatened species" 
(16 U.S.C. 1536). The method whereby each 
agency is to ensure that no jeopardy exists is 
called the "Section 7 Consultation," after the 
portion of the Act cited, which requires that 
every agency consult with either Interior or 
Commerce before undertaking an action. 


Regulations interpreting and implementing 
Section 7 of the Act are set out at 50 CLE.R. 
402.04 et seq. The onus is on the acting 
agency to identify activities that may affect 
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listed species or their habitats and then to 
initiate consultation with either USFWS or 
NMFS. In the case where an agency has not 
identified such a “may affect” situation, con- 
sultation may be requested by either service. 
After a threshold examination has been con- 
ducted to determine if a “may effect" 
Situation exists, the appropriate Service is- 
sues a biological opinion to the requesting 
agency. If the consultation and biological 
opinion conclude that the agency action will 
harm endangered species or offers 
reasonable and prudent alternatives that 
would prevent potential harm, the agency 
may issue an “incidental take statement,” 
which specifies the impact of the take (num- 
ber of individuals), delineates the reasonable 
and prudent measures to be taken, and sets 
forth terms and conditions under which the 
activity must be conducted (16 U.S.C. 


1536(b)(4)). 
The Marine Mammal Protection Act 


The third statute applicable to rig removals 
is the Marine Mammal Protection Act 
(MMPA) (16 U.S.C. 1361 et seq.). The Act 
generally places a moratorium on the taking 
of any marine mammals, but provides several 
specific exceptions to the prohibition. The 
exception relevant to the instant situation is 
found at Section 101(a)(5) of the Act, which 
allows for the incidental take of small num- 
bers of marine mammals during an activity 
other than commercial fishing if the 
proposed take will have a negligible impact 
on the affected species or stock. The 
Secretary may issue a permit after he makes 
a finding of “negligible impact” following a 
notice and comment rulemaking. 


Case Study: Section 7 and Platform 
Removals in the Gulf of Mexico 


More than 4,000 oil and gas production plat- 
forms dot the coastal waters of the United 


States, most of them in the Gulf of Mexico, 
where the earliest structures were placed in 
the 1950's (MMS, 1985). The MMS projects 
that 2,000 structures will be scheduled for 
removal over the next 20 years, at a rate of 
about 60 to 120 per year (MMS, 1987). The 
waters of the Gulf of Mexico also are home 
to five species of threatened or endangered 
sea turtles, six species of endangered whales, 
and numerous protected marine mammals. 


Given the 25- to 30-year average lifespan of 
offshore oil and gas structures, many of those 
in the Gulf are presently abandoned or tar- 
geted for abandonment and removal. 
Removal generally is accomplished by use of 
explosives, which are used to sever the well 
conductors and pilings anchoring the legs. 
Since all parts of the structure must be 
removed to 15 ft (4.6 m) below the ocean 
floor, other removal techniques, such as cut- 
ting by divers, have been found to be either 
too dangerous or ineffective. Attention was 
drawn to platform removal practices when it 
was made clear that several species of en- 
dangered sea turtles use as feeding grounds 
the highly productive shallows off the Texas- 
Louisiana coasts—an area that is home to 
most of the oil and gas production platforms 
in the U.S.—and that the type of explosions 
used in removals could injure or kill turtles 
in the area. 


Chronology of Events 


In the spring and summer of 1986, the NMFS 
reported unusually large strandings of 
marine turtles, mammals, and fishes along 
the upper Texas and southwest Louisiana 
coasts. The agency, which documents 
strandings, noted in reporting the event that 
some of the strandings occurred during a 
ve riod when the offshore petroleum industry 
vas engaged in using explosives to remove 
platforms no longer in production. The Ser- 
vice expressed in internal memoranda 
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particular concern over the presence of large 
numbers of the extremely endangered 
Kemp's ridley sea turtle (NMFS, 1986). 
After inquiries, the agency drew a connec- 
tion between the strandings and rig removals 
in the Gulf and initiated an informal consult- 
ation with the MMS (NMFS, 1986). The 
agency also conducted experiments in 
cooperation with one company removing a 
rig and determined that, in fact, turtles in the 
vicinity of underwater blasts would be killed 
or rendered unconscious depending on their 
proximity to the explosion (NMFS, 1986). 


In July, conservation groups contacted both 
MMS and NMFS to determine whether for- 
mal Section 7 consultations would take place 
and under what permitting authority the 
lethal experiments had been conducted. 
After determining some irregularities in the 
permit and discovering reluctance on the 
part of both agencies to initiate a formal 
Section 7 consultation, one organization con- 
tacted several oil companies planning rig 
removals in the Gulf and requested that they 
delay removals until a formal consultation 
could take place.’ Two of the three com- 
panies planning imminent removals 
postponed them in response to the requests. 
The President’s Council on Environmental 
Quality (CEQ) called a meeting on August 
27, 1986, so interested parties could discuss 
the issues. A week before that meeting took 
place, the MMS Gulf of Mexico OCS Region 
Office requested operators in the Gulf to 
give advance notice of platform removals in 
order to facilitate a cooperative monitoring 
program by MMS and NMFS (MMS, 1986). 


Representatives of the Offshore Operators 
Committee, a group representing oil and gas 
companies operating in the Gulf; the Nation- 
al Ocean Industries Association; explosive 
contractors; Department of the Interior, in- 
cluding Minerals Management Service, Fish 
and Wildlife Service, and Office of Environ- 


mental Program Review; Department of 
Commerce, including National Oceanic and 
Atmospheric Administration and National 
Marine Fisheries Service; the Army Corps of 
Engineers; the Center for Environmental 
Education; and Gr-zcnpeace met at CEQ. 
Both industry and the MMS continued to 
express reluctance to initiate a Section 7 con- 
sultation of any type, while the NMFS 
indicated its willingness to continue with in- 
formal consultation, evaluating each 
removal on a case-by-case basis. Repre- 
sentatives from the public interest groups 
expressed the view that initiation of the for- 
mal consultations was no longer a 
discretionary matter, but a requirement of 
the ESA. The MMS maintained that there 
was insufficient evidence to connect the 
turtle strandings with platform removals 
using explosives, and industry repre- 
sentatives stated their concern that Section 7 
consultations would cause delays and might 
in fact inhibit the gathering of data needed to 
determine whether rig removals actually did 
pose harm to endangered species. 


Although the meeting ended inconclusively, 
a week later the MMS notified the NMFS 
that it had concluded that a "may affect” situa- 
tion existed for endangered and threatened 
marine turtles during platform removals in- 
volving explosives, and requested that (1) the 
issue of platform removal be included in an 
upcoming Gulf-wide consultation 
preparatory to scheduled lease sales and (2) 
that expedited formal consultation take 
place in response to each identified platform 
removal on a case-by-case basis. The NMFS 
concurred in the finding. The two agencies 
met several times over the next few months, 
hammering out a set of guidelines for con- 
ducting the consultations and identifying 
procedures and techniques for gathering and 
exchanging data, advance notification on 
removals, monitoring, and mitigation. 
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Expedited Section 7 Consultations 


The first consultation under the expedited 
regime was initiated by MMS after Cities 
Service sought approval on November 10, 
1986, to use explosives in a platform removal. 
The MMS findings, after reviewing the 
proposed removal plan, were forwarded to 
the NMFS on November 19. By November 
25, NMFS had prepared a 14-page biological 
opinion with a “no jeopardy” conclusion, 
proposed mitigating measures to reduce the 
likelihood of injury or death to sea turtles, 
and specified an incidental take of one 
Kemp’s ridley and one loggerhead turtle. As 
the Act requires in such a statement, 
reasonable and prudent measures were 
delineated. These included sonar scans to 
determine the presence of turtles in the plat- 
form area, use of scare charges, delay until 
sea turtles observed in the vicinity had va- 
cated, staggering of charges, postdetonation 
underwater inspections by divers, and a sum- 
mary report. The platform removal was 
conducted according to the stipulated condi- 
tions and without incident (Montanio, 
personal communication, 1987). 


The second consultation was requested on 
January 28, 1987, for removal of a Pennzoil 
platform in Federal waters off Louisiana. In 
this removal the company also proposed test- 
ing an embrittlement technique using liquid 
nitrogen followed by mechanical impact. On 
February 26, the NMFS issued a biological 
opinion with a “no jeopardy” finding. The 
reasonable and prudent measures specified 
in the incidental take statement, in addition 
to the same conditions imposed on the Cities 
Service removal, included a stipulation to use 
the embrittlement technique on all four 
pilings if it proved successful in the test. 


The third consultation took place for 
removal of a damaged well conductor off- 
shore of Galveston Bay, Texas. Exxon 


requested approval to use explosives on 
January 16, the consultation was initiated by 
MMS on February 25, and the biological 
opinion was issued by NMFS on March 27. 
By this stage, the agency began incorporating 
by reference the data and findings it had 
developed in the first two consultations, and 
the "no jeopardy" finding and incidental take 
Statement had taken on the form they were 
to reflect in the following months for more 
than 20 applications from companies propos- 
ing to use explosives to remove platforms. 


The length of time between the date of the 
request from the companies to the issuance 
of the biological opinion since then has 
ranged from as short as 7 weeks to as long as 
33 weeks. Most of the consultations have 
taken around 20 weeks from initiation to 
completion. In most cases, the companies 
have requested approval far in advance of the 
planned removal date, so the development 
completion of the biological opinions has not 
significantly delayed actual removal of some 
platforms (Montanio, personal communica- 
tion, 1987). However, oil companies point 
out that only 10 platforms were actually 
removed from September 1986 to mid-Oc- 
tober 1987, a period when 96 proposed 
removals were pending, and that of 77 ap- 
provals issued between September 1986 and 
October 1987, 65 were not issued until after 
June 30, 1987. 


Where the first three biological opinions 
went into some detail, subsequent docu- 
ments, by incorporating the prior 
information, have summarized in four pages 
the finding of "no jeopardy,” the incidental 
take statement, and the conditions for use of 
explosives. Those conditions at present ap- 
pear to be standardized as follows: 


1. Approved NMFS observer monitor- 
ing prior to, during and after 
detonation on charges. 
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. Delay of detonation until any turtles 
observed in the area (within 1,000 
yards [914 m]) can be removed. 


. Detonation only during daylight 
hours. 


. Pre- and postdetonation surveys by 
divers, including recovery of any in- 
jured or dead turtles. 


. Staggered firing of charges. 


6. Submission of a summary report. 
Additional conditions that have veen re- 
quired, depending on _ particular 
circumstances of the rig location, size, and 
Structural characteristics, have included 
aerial surveys before detonation and the use 
of acoustic devices to monitor shock 
amplitude and impulse. The required use of 
sonar scan was dropped early after it was 
determined to be ineffective in confirming 
the presence of turtles in an area. In those 
removals where the likelihood of turtles in 
the vicinity was very low, or where the size of 
the charges to be used was small, the aerial 
survey requirement has been waived, and the 
timing requirement has been relaxed from 
limiting detonations to within two hours after 
sunrise/before sunset to one hour after sun- 
rise/before sunset. 


Concurrent with the expedited consult- 
ations, the MMS began work on a 
programmatic environmental assessment 
(PEA) to address the general question of 
Structure removals and to assess in one back- 
ground document the spectrum of potential 
impacts associated with the removal of struc- 
tures (MMS, 1987). While the PEA 
incorporates the measures that have been 
developed in the course of the case-by-case 
consultations, it also provides that specific 
environmental assessments should be per- 


formed for specific structure removals, using 
the PEAas the principle reference document 
(MMS, 1987). 


Present Situation 


By early November, one biological opinion 
was yet pending on a consultation initiated in 
September by MMS. The NMFS and MMS 
are reviewing the consultation procedures 
and requirements set out in the incidental 
take statements in an effort to become yet 
more flexible in their approaches to 
reasonable and prudent measures. For ex- 
ample, the agencies are considering allowing 
around-the-clock removals if a 48-hour 
preblast survey indicates there are no turtles 
in the area or if they can develop means to 
detect turtles at night. They also are review- 
ing potential avenues of research inquiry that 
will directly address the platform removal 
issue—for example, an assessment of dis- 
tribution and abundance of the various 
species, the correlation of turtle sightings 
with specific rigs, methods for scaring turtles 
from the vicinity of a planned blast, or non- 
lethal alternatives to the use of explosives in 
the removals. 


In the case of the association of turtles with 
rigs, it is now postulated by NMFS scientists 
that loggerhead turtles may actually be resi- 
dent at specific structures (Henwood, 
personal communication, 1987). While no 
hard evidence exists to confirm this, a review 
of existing information suggests a strong cor- 
relation. If such a relationship could be 
confirmed, the agencies could use different 
removal approaches for those rigs that are 
known to have resident turtles and relax re- 
quirements for those known not to have 
resident turtles. 


The other recent development in the 
removal process is the planned application 
by several oil companies for a "small take 
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exemption” under Section 101(a)(S)(A) of 
the MMPA. Heretofore, each incidental 
take statement specified that it did not cover 
the taking of protected marine mamiuals. 
While the chance that dolphins might be in 
the vicinity of the platforms without being 
observed is very small, it has been suggested 
that the offshore operating companies might 
apply for the small take exemption permit to 
avoid any liability for incidental takings of 
marine mammals during platform removals 
(Montanio, personal communication, 1987). 
If such a permit is applied for, it would have 
to go through the notice and comment 
rulemaking process described above. 


Finally, aGulfwide, formal Section 7 consult- 
ation was initiated on January 13, 1987, 
preparatory to proposed Lease Sales 113, 
115, and 116. Structure removals were in- 
cluded as part of the entire consultation on 
impacts of the proposed sales. Until the 
NMFS issues a biological opinion on 
removals using explosives, the expedited, 
case-by-case consultation will continue 
(MMS, 1987). The NMES has said it cannot 
make a conclusion with regard to generic 
platform removal stipulations until more in- 
formation is gathered or until industry 
develops nonexplosive cutting technology 
that can be widely applied. Therefore, 
biological opinions and review of platform 
removal proposals will have to continue 
through the expedited, case-by-case proce- 
dure (Creel, personal communication, 
1987). 


Discussion 


As in any environmental issue, the players in 
the turtles and rigs event quickly chose 
numerous adversarial roles. The interests, 
however, were not as simple as “industry vs. 
environmentalist’ or “industry vs. govern- 
ment." Here was a case where more than one 
element of a large and diverse industry was 


involved: actual owner/operators of the plat- 
forms were required to remove the rigs, yet 
also were required to comply with the ESA, 
while marine demolition companies, tradi- 
tionally on the same "side" as the offshore 
operators, found that they would suffer sub- 
stantial economic harm through the delays. 
The government, too, found itself with dif- 
ferent interests: the MMS had to go forward 
with an activity in fulfillment of a regulatory 
requirement for platform removal, while 
both MMS and NMFS were obligated to ful- 
fill their respective duties to protect 
endangered species. Even the environmen- 
ta! community had competing interests. The 
discovery that rig demolitions might be re- 
lated to turtle deaths was made while 
conservation groups were locked in intense 
negotiations with government and the 
shrimping industry predicated on the fact 
that shrimp trawls were principally respon- 
sible for the continuing decline of 
endangered marine turtle species. The rig 
removal controversy was cited by shrimpers 
as proof that they were not the sole cause of 
the population declines. Even Rigs-to-Reefs 
advocates were not quite sure on which side 
to ally themselves: would the Section 7 con- 
Sultations delay or inhibit the use of 
Structures as artificial reefs? 


The controversy that resulted when conser- 
vation organizations invoked the ESA began 
with many interests taking hard-line posi- 
tions at opposite ends of a spectrum. Yet 
accommodation ultimately was reached. 
Platform removals resumed, no turtles have 
been known to be harmed, and the require- 
ments of the law appear to have been met. 
On the downside, however, were the 
economic consequences for companies that 
actually conducted the demolitions of plat- 
forms in the Gulf and were delayed in 
realizing the income attached to that activity. 
In some cases, the oil companies had to 
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wait months to proceed with removals of 
platforms for which they continued to as- 
sume liability. For the conservation 
community, however, the most important 
result was that implementation of proce- 
dures set out by law has demonstrated that 
the ESA actually can be made to work not 
only to protect endangered species, but also 
to allow the continuation of activity in areas 
where endangered species occur. While most 
of the parties involved agree that the process 
was somewhat slow in getting started, they 
concur that it is working, and cooperation on 
all sides has been commendable. 


As mentioned above, concurrent with the 
exploration of the relationship between ex- 
plosive removals and large strandings of 
marine animals, the MMS was engaged in 
seeking comment on revising its regulations 
as they applied to platform removals. At 
least one commenter suggested inclusion of 
advance notice and other elements of. the 
MMS/NMFS guidelines in the final rule.> As 
of this writing, no final rule has been promul- 
gated on the inclusion of the new Subpart I 
in the agency’s regulations set out at 30 
C.F.R. 250, and it remains to be seen whether 
the turtles and rigs controversy will have any 
effect on the way the final rule requires that 
platforms be removed. 


Also unknown is what the agency will do with 
the comments it solicited regarding the idea 
of leaving rigs in place. Since that request for 
views was not an advance notice of a 
proposed rule or regulatory revision, the only 
certainty is that the agency cannot act on the 
comments until it makes an actual proposal 
to regulate Rigs-to-Reefs. Indeed, in its 
programmatic environmental assessment on 
rig removals, the MMS notes that in order for 
it to have an option to allow structures to 
remain in place, regulatory revision would be 
necessary (MMS, 1987). 


In studying the options for use of abandoned 
platforms, the National Research Council 
recommended that Interior "adopt a more 
flexible policy on platform removal, one that 
allows for case-by-case consideration of what 
is best in terms of cost, environmental im- 
pact, and public benefit.” 


If there is anything the rigs and turtles con- 
troversy has illustrated, it is the aptness of 
this statement. The recommendation could 
have been taken from any number of discus- 
sions by the conservation groups urging the 
use of the Section 7 consultation to protect 
endangered turtles. Such flexibility, if it al- 
lowed leaving some structures in place, could 
serve not only the interests of fishing enhan- 
cement and the interest of cutting the costs 
associated with removals, but also the desire 
to conserve marine species that have been 
shown to be adversely affected by the use of 
explosives in their environments. 


The programmatic environmental assess- 
ment points out potential impacts associated 
with the alternative of leaving rigs in place. 
These include negative impacts, such as the 
effects on military traffic in the Gulf, hazards 
to commercial navigation, and the general 
issue of liability and maintenance on the rigs. 
These are questions that need to be 
answered, but right now MMS cannot really 
ask the questions, since as a matter of regula- 
tion, the agency has no option to leave a 
structure in place. 


As information is developed in the course of 
the consultations and over experience with 
numerous, monitored platforms removals, it 
could lend support to the Rigs-to-Reefs cen- 
cept. For example, if certain types of 
Structures emplaced in waters of certain 
depth are found to be loggerhead turtle rest- 
ing places, such structures might be 
candidates to be left in place. However, 


if a differently located/configured platform 
was found to have no turtles in its vicinity, 
removal of such a structure might be able to 
proceed with more relaxed guidelines for the 
use of explosives. These kinds of findings, in 
combination with the safety and liabilizy con- 
siderations noted above, could all aid 
decisionmakers in selecting the best struc- 
tures for use as artificial reefs. 


At present, however, the information gaps 
are more numerous than the findings, and 
the regulatory mandate for removal does not 
allow much room for alternatives. 


It is up to the MMS to integrate more effec- 
tively its missions of fostering the 
development of offshore energy and con- 
serving marine resources and its recent 
policy of encouraging the use of obsolete 
petroleum structures for fishery purposes by 
initiating the type of regulatory flexibility 
urged by the National Research Council. 


It is up the NMFS to foster the kind of re- 
search documentation that enables selection 
of particular platforms as artificial reefs or 
allows their removal by the most efficient and 
cost effective means. It is up to other govern- 
ment agencies with authority for permitting 
the use of structures for artificial reef pur- 
poses to employ the same flexibility, as well 
as to recognize that endangered species con- 
servation duties and benefits also can be 
realized in the process. 


As the case study illustrates, there are instan- 
ces where diverse and contrary interests can 
come together to resolve conflicts. Alterna- 
tive options for the use of obsolete 
petroleum structures may be a case where 
diverse interests can not only resolve con- 
flicts, but can realize valuable opportunities 
in marine resource conservation and enhan- 
cement as well. 


Notes 


' The OCS Act, though a separate statute, gencrally is 


combined with the Submerged Lands Act in a “pack- 
age” of law governing activities offshore. The latter 
reserves jurisdiction to the states for the waters and 
the scabed out to 3-10 miles. Platform removal ac- 
tivity in these state waters is overseen by the Army 
Corps of Engineers and, while the same principles 
apply, will not be discussed in detail in this paper. 


2 Center for Environmental Education, 1986. Letters 
from R. E. McManus to C. Garvin, Exxon Corp., July 
31, 1986; to J.L. Ketelson, Tenneco, Inc., and G. M. 
Keller, Chevron Corp., August 8, 1986. 


a 


Center for Environmental Education. 1986. Com- 
ments on proposed rules for platform and structure 
removal in the OCS, from R. E. McManus to D. A. 
Schucnke, Mincrals Management Service. Sept. 15, 
1986. 
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From Offshore Oil 
to Offshore Fishing 


Dr. Michael D. Zagata 
Tenneco Oil and Production 
Houston, Texas 


In 1982 Tenneco faced the need to dispose of 
an obsolete oil production platform in the 
Gulf of Mexico off the coast of Louisiana. 
Such platforms are normally removed, 
hauled to shore, and cut up as scrap. 


But the beneficial effects of the presence of 
such structures on marine life has long been 
known. Offshore platforms serve as steel 
reefs by providing shelter and support for 
numerous forms of marine life. Indeed, 
Japan has long used artificial reefs to en- 
hance marine fisheries. 


With this example in mind, Tenneco offered 
the platform to the State of Florida for use as 
an artificial reef that would benefit the 
marine life chain, enhance sports and com- 
mercial fishing, and provide researchers a 
point from which to observe marine life. 


Large holes were cut in the structure to 
facilitate the movement of fish and to pro- 
vide the maximum possible amount of 
surface area for barnacles and other marine 
life. The platform and its support jacket were 
then lifted on to a barge, towed to a site 20 
mi (32.2 km) south of Pensacola, and in- 
stalled in 180 ft ($4.9 m) of water. 


The following year Tenneco revisited the site 
and found it teeming with marine life. Local 
charter boat operators estimated that 12 to 
20 short tons (10.9 to 18.1 metric tons) of 
amberjack alone had been caught off the 
artificial reef during the first nine months 
after it was installed. The project was a suc- 
cess. Tenneco had pioneered the concept of 
using obsolete oil platforms as artificial reefs. 


125 


In 1985, three more Gulf of Mexico plat- 
forms were scheduled for removal. The 
State of Florida requested that they be in- 
stalled as an artificial reef approximately 1 mi 
(1.6 km) off the shore of Miami and Ft. 
Lauderdale. Three platform decks and two 
supporting jackets were towed 790 mi (1,271 
km) to the site. The decks were installed in 
100 ft (30.5 km) of water--accessible to 
divers--and the two jackets were installed in 
200 ft (61.0 m) of water to benefit fishermen. 
The complex is now the largest artificial reef 
in the United States. 


The success of these projects has encouraged 
Tenneco to seek other ways to make its 
operations harmonious with the environ- 
ment. In addition, the company has worked 
to further the use of artificial reefs. Tenneco 
supported the U.S. Congress’ passage of the 
Fisheries Enhancement Act of 1985, which 
encourages the development of additional 
reefs. The company raised funds for Con- 
gressional receptions, testified at hearings, 
and worked with Congressional staff mem- 
bers to draft language for the bill. The 
company has supported studies to determine 
the economic and ecological benefits as- 
sociated with artificial reets. 


In addition, Tenneco has actively supported 
the Artificial Reef Development Center, has 
assisted the Gulf of Mexico Fishery Manage- 
ment Council in studying the red snapper 
population, and has assisted in experiments 
to determine whether explosives used in 
platform removal harm marine life. 


Dr. Michac! Zagata is Director of Environment and 
Safety at Tenneco, Inc. He was born and educated in 
New York, where he gained undergraduate and 
graduate degrees in the ological and physical 
sciences. He carned a doctorate in wildlife ecology 
from lowa State University. Dr. Zagata has worked as 
an educator in academia, as an administrator and 
public relations director for national conservation 
organizations, and was formerly associated with the 
National Academy of Sciences 


Early Fish Assemblages on 
Tenneco II Reef, South Florida 


Dr. William Seaman, Jr. 
Dr. William J. Lindberg 
Dr. Carter R. Gilbert 
University of Florida 
Gainesville, Florida 


Introduction 


Nearshore placement of obsolete petroleum 
platforms in the Atlantic Ocean off Miami- 
Fort Lauderdale, Florida, in October 1985 
afforded an opportunity to document the fish 
community associated with these 
redeployed, submerged structures. Five sec- 
tions of rigs were towed via barges from the 
northern Gulf of Mexico and placed, at the 
expense of Tenneco Corporation, ap- 
proximately 2 mi (3.2 km) off the coast, at 
depths over 100 ft (30.5 m). The project 
described here was undertaken to determine 
the diversity and distribution of finfishes as- 
sociated with this artificial habitat within one 
year of placement. A summary of these 
results is accompanied by observations on 
improving and understanding the contribu- 
tion of rigs-to-reefs habitat enhancement. 


Although the flora and fauna of actively 
operating offshore platforms have been 
described scientifically, no ecological re- 
search on redeployed structures has been 
published or apparently even conducted. 
Thus, although there is a substantial database 
for at least certain geographic areas of 
oceanic oil and gas production, environmen- 
tal predictions concerning the role of 
platforms relocated specifically for fisheries 
enhancement remain unsubstantiated. Such 
data are essential in making decisions for the 
whole rigs-to-reefs effort. 


The unique nature of this research warranted 
extensive logistic preparations for data ac- 
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quisition. This work is reported in more 
detail in the final report to Tenneco, and 
additional scientific information (e.g., life 
history, literature review) is provided in a 
manuscript submitted for journal publica- 
tion. 


Methods 


Intensive field sampling was conducted 
August 3-7, 1986, using nondestructive tech- 
niques to determine abundance and 
distribution of fishes associated with decks, 
understory, and supporting jackets at the two 
shallowest and shoremost locations. Repeti- 
tive transects with video cameras were 
conducted at three depths (60, 80, and 100 ft 
(18.3, 24.4, and 30.5 m]) and three times of 
day (first morning light, midday, and last eve- 
ning light) to quantify fish abundance. At 
each depth and time, horizontal transects 
were made linearly along the perimeter of 
the platform and across its interior, and in a 
circle at the corners. 


An inicial site reconnaissance and a later trial 
of field operations had revealed the physical- 
ly-demanding conditions likely to be present 
at the site, which dictated judicious planning. 
The ocean environment was influenced by 
reversing and sometimes rapid Gulfstream 
currents, and repetitive dives had to be 
planned to 100 ft (30.5 m) to sample all 
microhabitats. 


Analysis of videotapes confirmed our expec- 
tation that under varying conditions 
resolution of different size fishes in the field 
of vision also varied. Thus, out of the pool of 
species observed on the rigs, areduced num- 
ber (18) were designated for quantification 
from taped transects. These were forms with 
distinctive shape or size (for the stage of the 
life cycle present at this time of year) that 
could always be recognized at the species or 
genus level. In this subset 11 forms were 


always identified to species. Because of 
sport and commercial interest in the reefs, 6 
fishes were identified as target species for 
closer analysis of distribution patterns. 


An interinstitutional team was assembled for 
the ficidwork. A commercial dive boat was 
chartered and positioned over the two rigs in 
a three-point mooring for the summer study 
period. Faculty from the dive technology 
program at Florida Institute of Technology 
(FIT) coordinated diving, which included 
surface supply, mixed gas scuba, and oxygen 
decompression operations. Staff from the 
Academic Diving Program at Florida State 
University supervised videography. 


Because of needs to minimize costly at-sea 
time and safely maximize diver bottom time 
to acquire the desired number of samples, 
Nitrox gas mixture was used by the scuba 
divers on repetitive dive schedules. This 
enabled them to stay longer at depths of up 
to 100 ft (30.5 m) with no or reduced 
decompression. (Technical aspects of this 
part of the project were reported by D. Cros- 
son of FIT to the 1986 annual meeting of the 
American Academy of Underwater Scien- 
ces.) 


Data analysis included use of the SAS statis- 
tical software package. Analysis of variance 
techniques on a factorial model was used to 
test the effect of depth versus time for mean 
values of fish abundance. Followup pairwise 
comparisons were made with Scheffe’s mul- 
tiple comparison procedure. 


Results and Discussion 


A diverse fish fauna occupied the two Ten- 
neco II reefs 10 months after deployment. 
From combined quantitative and qualitative 
observations on both rigs, 47 species repre- 
senting 20 families were identified over the 
4-day study period. Five of the six most 
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speciose families are strongly associated with 
and typical of coral reef and other live bot- 
tom communities. Five species each of 
Labridae (wrasses) and Pomacentridae 
(damselfishes) were observed, followed by 
four species each of Pomacanthidae (angel- 
fishes) and the more pelagic and mobile 
Carangidae (jacks). Three species each of 
Haemulidae (grunts) and Scaridae (parrot- 
fishes) were observed. This level of diversity 
was similar to that on nearby shallow artifi- 
cial and coral reefs close to shore. 


From videotapes in which all forms could be 
identified, the most abundant two species (80 
percent of observations) were the blue head 
wrasse (Thalassoma bifasciatum) and the 
bicolor damselfish (Stegastes partitus). Both 
forms are relatively small as adults and show 
Strong site-fidelity with their habitat. Their 
abundance is coincident with amount of 
cover and relief. The iatter clearly had estab- 
lished territories and defended them. 
Virtually all observations of both species 
were made only at the upper level of the 
platforms. While one of the platforms had 
only an upper deck (grated), the other con- 
tained decks (solid) at the upper (60 ft [18.3 
m]) and middle (80 ft [24.4 m]) levels. 


Among the larger and more distinctive fishes 
that could be recognized on tapes of lower 
resolution, a high proportion were of sport or 
commercial interest. Jacks (family Caran- 
gidae) accounted for 53 percent of all fishes 
observed on the seaward rig. The most abun- 
dant of all species was the bar jack (Caranx 
ruber), the amberjack (Seriola dumernil:) also 
was common. Both are schooling, free- 
swimming species that are not strongly 
attached to the reef site, yet presumably they 
use it as a feeding site. 


The next most common families were snap- 
pers (Lutjanidae), 24 percent; surgeon fishes 
(Acanthuridae), 13 percent; and barracudas 


(Sphyraenidae), 7 percent. The latter family 
was represented by one species, Sphyraena 
barracuda. The grey snapper (Lutjanus 
griseus) was the second most abundant 
species. It predominated at the upper two 
levels on the rig, while the blackfin snapper 
(L. buccanella) was observed only at the 
lowest (100 ft [30.5 m]) level and in lesser 
numbers. Other groups represented by a few 
individuals, at most, included triggerfishes, 
angelfishes, and trumpetfishes. 


Statistical analysis of the distribution of 
fishes counted along transects indicated that 
they are not simply random in time and 
space. However, it is not possible to specify 
the exact pattern of variation because of 
small sample size. Within the constraints of 
this pilot study, it is possible to discern a 
trend for target fishes to concentrate at mid- 
die depths and to be least abundant near the 
bottom. Inasmuch as these rigs were 
deployed on barren sand areas, lower 
population levels at the bottom might be 
expected. Also, minimal superstructure on 
the rigs existed there. 


Notably absent from this habitat were 
groupers, which may eventually colonize the 
rigs. A follow-on survey could address this. 
Grunts were uncommon, possibly due to the 
absence of grassbeds nearby to support noc- 
turnal foraging. 


Qualitative observations of fishes off the rig, 
either in the open water column or on the 
bottom, were limited to occasional schools of 
scad (Decnterus punctatus). The degree to 
which scad might use these rigs for a be- 
havioral cue or possibly feed in the vicinity is 
unknown, but this species certainly provides 
an abundant source of food for carnivores 
such as amberjack. 


The two studied deck-and-jacket reefs offer 
a composite of habitats. The top deck (60 ft 
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[18.3 m] deep) resembles an inshore live-bot- 
tom system with small, site-attached fishes 
and large mobile forms wandering in and out. 
Numerically dominant macro-invertebrates 
were sea urchins and spiny oysters. Under 
the top deck is a shaded area occupied by 
larger forms, including both less mobile 
species that inhabit the reef full time and 
free-ranging fishes that spend time away 
from the rig as well as swimming around its 
members. 


From the standpoint of methodology, the use 
of Nitrox for scuba operations permitted 50 
percent more dives in the repetitive schedule 
and saved a total of five man-hours of 
decompression. It was noted that divers on 
Nitrox were fresher physically after a day of 
diving. The three-point mooring enabled 
permanent television transmission lines and 
surface supply air hoses to be run to the rig. 
A safer and more technologically sophisti- 
cated field effort than might ordinarily be 
conducted was permitted in this pilot study. 


Enhancement of Rigs for Fisheries 


Of the rigs deployed off the U.S. it appears 
that perhaps 0.1 percent have been 
redeployed as dedicated fish habitat. Two 
considerations for the future use of rigs in 
fishery management are available. One is 
how they might be modified for biological 
purposes. For example, vast open interior 
spaces between jackets might be modified by 
fish aggegating devices of some sort, just as 
the decks might receive material such as 
cable coils to provide additional cover for 
forage species. Actual structure of the rig 
may influence fish populations, too. In 
general, the solid deck surface did not con- 
tain the diversity and abundance of fishes 
found on the grated surface. This diversity 
may have resulted from a combination of 
factors. The grating afforded more hiding 
places for small fishes, thereby increasing the 


diversity of small species and also food supp- 
ly for precatory species. Also, openings in 
the grated surface would permit access to the 
upper surface for animals living in protected 
areas under the deck. 


Secondly, deployment of rigs should entail 
ecological guidance on how placement might 
be directed to provide specific research op- 
portunities. For example, turning one rig on 
its side—with decking perpendicular to 
prevailing current—for comparison to an 
upright unit might enable verification of 
Japanese observatic ns on nutrient upwelling 
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due to physical barriers rising from the 
seafloor. With the great potential of the rigs- 
to-reefs effort, a small investment in research 
and design offers high returns in terms of 
long-term fishery habitat enhancement. 


Dr. William Scaman, Associate Director of the Florida 
Sca Grant College Program, chaired the Fourth 
International Conference on Artificial Habstats for 
Fishcrics in 1987 and is Associate Professor, 
Department of Fisheries and Aquaculturc, Unrversity 
of Florida (UF). Dr. William Lindberg is Assistant 
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An Evaluation of Rigs-to-Reefs 
in Fisheries Development 


Mr. Joseph M. McGurrin 
Atlantic States Marine Fisheries Commission 
Washington, D. C. 
and 
Mr. Anthony J. Fedier 
University of Maryland 
College Park, Maryland 


Abstract 


The Tenneco Il artificial reef in Florida 
resulted from the conversion of obsolete off- 
shore petroleum platforms into an artificial 
reef complex. An evaluation of the Tenneco 
Il project provided information on the ef- 
ficacy of using obsolete petroleum platforms 
as artificial reefs for fishery development. 
The research results are grouped in three 
sections. The first section investigates the 
planning and construction of Tenneco II in 
the light of established artificial reef plan- 
ning frameworks. In general, the Tenneco Il 
project was developed according to the 
guidelines in the National Artificial Reef 
Plan and demonstrated the need for clear 
and cohesive project objectives when under- 
taking such public/private cooperative 
ventures. The second section considers Ten- 
neco Il reef siting decisions. The lack of 
formal siting procedures for the Tenneco II 
project resulted in some difficulties in deter- 
mining appropriate locations for the reef 
structures. Given this need, a system for fu- 
ture Rigs-to-Reefs siting is described in 
terms of a coastal zone mapping process 
The last section examines the socio- 
economic implications of Tenneco Il 
including measurements of use and 
economic values associated with the reef. 
Overall, local sport fishermen were willing to 
pay an average of $14.36 per individual for 
the construction of another reef like Tenneco 
if. 
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Given the evaluation of Tenneco II planning, 
Siting, and socio-econoniic benefits, implica- 
tions for the future use of petroleum 
platforms as artificial reefs are discussed. 


Introduction 


Interest in the use of oil and gas structures as 
artificial reefs (Rigs-to-Reefs) has been en- 
couraged through several demonstration 
projects supported by the oil and gas industry 
(Wilson, 1986). These large-scale artificial 
reefs have proven to be excellent fish habitat. 
But, while these projects have demonstrated 
the technical feasibility of deploying ob- 
solete rigs as reefs, there is still a need for a 
more systematic, integrated approach to 
Rigs-to-Reefs as part of fishery develop- 
ment. 


The present Tenneco Il Rigs-to-Reefs study 
sought to assess fishery development and 
management information in three main 
areas: (1) reef planning and deployment; (2) 
reef siting for the recreational fishing in- 
dustry; and (3) evaluation of reef use and 
economic implications for the fishing com- 
munity 


Methods 


The deployment of the Tenneco II artificial 
reef in the waters of Dade and Broward 
counties, Florida, presented an excellent op- 
portunity to apply some previously 
developed planning, siting, and evaluative 
procedures (Ditton and Burke, 1985; Myatt 
and Ditton, 1985; Bockstae! et al., 1985, 
1986) to a specific Rigs-to-Reefs project 
(McGurrin, Phillips, and Radonski, 1987) 
Different research methodologies were used 
to evaluate each of the three major com- 
ponents of the study as follows: 


Tenneco II Project Research Methodology 


1. Reef Planning and 
Deploym«e nt 


A Case Study of Reef 
Development Decisions 


2. Recf Suing Resource Planning and 


Exclusion Mapping 
Procedures 


3. Socio-Economic Mail Survey 


Implications 
Results 


The results of the three phases of research 
are summarized below in terms of Rigs-tc- 
Reefs as a tool for recreational fishery 
development. 


A Case Study of Project Depioyment and 
Planning 


The 920-mi (1,408-km) transportation of 
three Louisiana platforms to south Florida 
began on September 27, 1985. On October 
3, 1985, the total of two support structures 
and three platform decks were deployed 
from the barge at the Tenneco II reef site 
(figure 1). These structures were placed in 
depths ranging from 90 to 190 ft (27.4 to $7.9 
m) of water and projected to not more than 
60) ft (18.3 m) below the water surface (as 
specified in the permit). The entire reef site 
area was roughly one mile wide by two miles 
long. The total cost of the project, though not 
divulged by Tenneco executives, is believed 
to have been in the range of $500,000 to 
$ 1.500.000. 


The deployment of the Tenneco II reef was 
the result of cooperation and compromise 
between public and private sector entities. 
The public sector was represented by the 
respective county government artificial reef 
programs. A competition between the two 
counties for the Tenneco II structures 
developed during the initial project planning 
Stages, before a compromise was developed. 
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A large reef site was chosen so that both 
counties could share in the use of the Ten- 
neco Il reef. It includes a permitted area that 
straddies the Broward/Dade county line. 


From the private sector viewpoint, Tenneco’s 
aim was to demonstrate the feasibility of the 
Rigs-tu-Keefs concept as a cost effective 
means of recycling obsolete oil and gas plat- 
forms. Rather than use the traditional 
shore-based disposal of the platforms, Ten- 
neco officials wanted to combine the 
creation of fishery benefits with the develop- 
ment of alternatives for corporate cost 
savings in the disposition of platforms. A 
number of different types of Rigs-to-Reefs 
options (leave postproduction structures in 
place, topple on site, etc.) may offer future 
cost savings for the company (Reggio, 1987), 
but the type of deployment option used in 
Tenneco Il cost more than traditional dis- 
Tenneco holds that tax credits to 
compensate for the additional costs are a 
necessary incentive for this type of Rigs-to- 
Reefs program to be initiated on a broad 
scale. 


posal. 


Reef Siting for Fishing Industry Development 


[he second objective of the study was to 
describe the importance of reef siting in 
creating an effective artificial reef. Given 
that formal siting methodologies can aid fu- 
ture Rigs-to-Reefs projects, the Tenneco II 
project was viewed in terms of "Resource 
Planning” procedures (McGurrin and Reeff, 
1986), which combined factors that maxi- 
mize the probability of recreational fishing 
use and minimize multiple use conflicts. The 
framework of resource planning was based 
on basic coastal zone mapping procedures 
(Myai. and Ditton, 1985) that (1) charac- 
ierize the marine recreational fishing 
industry on both state and local levels, in- 
cluding identification of specific access 
facilities such as marinas and boat ramps and 


the approximate numbers of private boat 
fishermen making use of local access 
facilities; (2) determine priority recreational 
fishing zones (areas of high recreational fish- 


ing use); and (3) identify inappropriate reef 


siting areas (exclusionary areas) within these 
zones, including shipping lanes, live bottoms, 
traditional bottom trawling areas, military 
warning zones and marine sanctuaries. 


When viewed in terms of resource planning 
information, the location of Tenneco II fits 
into a framework of maximizing benefits to 
the recreational fishing industry. Although 
formal resource planning procedures were 
not available at the time to guide the project 
siting, Tenneco officials intuitively chose an 
urea noted for the importance of its recrea- 
tional fisheries (Broward/Dade, Miami 
area). The reef site lies well within a major 
area of high recreational tishing use; adding 
to its attractiveness was the fact that ex- 
clusionary areas («arine sanctuaries, 
shipping lanes, etc.), identified as potential 
use conflict areas not suitable for artificial 


reef development, did not apply in this case 
lenneco Il Use and Economic Implications 


[he purpose of the socio-economic survey 
was to examine angler use, perceived fishing 
quality, and economic value of Tenneco II 
and other reef fishing areas in Broward and 
Dade county waters. A few of the findings 
are highlighted below. 


Survey results showed that 46 percent of the 
saltwater boat fishermen in the survey had 
spent at least "some" time fishing over artifl- 
cial reefs in the study area. A somewhat 
smaller percentage of the sample, 41 percent, 
reported that they had fished over natural 
reefs. About 12 percent of all boat fishermen 
in the sample reported using the Tenneco Il 
reef during the previous year. 
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Using the above information on artificial and 
natural reef fishing participation, anglers 
were classified into two groups: (1) artificial 
reef fishermen—those who had fished at least 
part of one trip at an artificial reef during the 
previous year—and (2) nonreef fishermen- 
those who had not fished at an artificial reef 
during the previous year. Reef and nonreef 
fishermen were asked to rate the fishing 
quality at various artificial and natural reef 
locations. 


Fishing quality ratings for all artificial reef 
and natural reef locations were not sig- 
nificantly different between artificial reef 
and nonreef users except for the Tenneco Il 
site (table 1). Reef users rated the Tenneco 
I] reef higher in quality than nonreef users. 


Artificial reef users and nonreet users also 
were asked to compare specific quality at- 
tributes of the Tenneco II reet as compared 
to other fishing locations (table 2). There 
were no significant differences between reef 
and nonreef users, except for ratings on two 
catch-related attributes. Reef fishermen felt 
that both the size and types of fish that could 
be caught at Tenneco II were better than at 


alternative sites 


Finally, anglers in the survey were asked to 
indicate how much they would be willing to 
pay for the construction of another reef 
similar to the Tenneco Il reef. Overall, 
fishermen were willing to pay an average of 
$14.36 for another reef like the Tenneco II 
reef. As would be expected, artificial reet 
users were willing to pay more ($19.38) than 
nonreef fishermen ($10.00) for another ar 
tificial reef site. [It is interesting to note that 
nonartificial reet fishermen indicated some 
willingness to pay for artificial reef develop- 
ment. This support may be based on beliefs 
that reefs may reduce crowding on tradition- 
al fishing grounds by providing new fishing 
areas or may be helpful to the fishery 


resource and provide more and better fishing 
in the future. 


Discussion and Implications 


Overall, the development of Tenneco II 
demonstrated the importance of public- 
private cooperation in developing future 
Rigs-to-Reefs programs. Broward and Dade 
counties, the State of Florida, the U.S. Army 
Corps of Engineers, local governmental offi- 
cials, and the private sector, all made a 


special effort to facilitate the deployment of 


the reef. The planning of the project was 
efficient in terms of overcoming many of the 
obstacles in artificial reef development (per- 
mitting delay, liability concerns, etc.) and 
generally paralleled planning guidelines 
available from the National Artificial Reet 
Plan (U.S. Dept. of Commerce, 1985). The 
difficulties that occurred in the project were 


mostly centered on the site selection. 


Because the specific site choice came out of 
a series of public and private sector negotia- 
tions and compromises, some of the 
problems associated with the site selection 
might have been alleviated by referencing 
formal fishery planning procedures. A\l- 
though the resource planning and mapping 
methodologies were nui available for the 
lenneco Ii effort, similar siting procedures 
have since been adopted by the Louisian 
Rigs-to-Reefs program. As part of this 
process, data on the potential of individual 
platforms as fish habitat, the expected 
lifespans of platforms (i.e., when production 
may cease), and various alternatives of rig 
disposition are merged with fishery develop- 
ment information (access facilities, 
fishermen use, etc.) 


Finally, the Tenneco II experience high- 
lighted the fact that Rigs-to-Reefs projects 
require extensive funding for construction, 
Industry 


maintenance, and management. 


and government have expressed an interest 
in supporting Rigs-to-Reefs, if they can jus- 
tify the investment (Wilson, 1986). While 
this study involved only a cursory look at the 
socio-economic implications of Tenneco II, 
this kind of knowledge is essential in provid- 
ing some of the justification for future 
Rigs-to-Reefs investments. 
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Artificial Reef and Nonreef Angler Ratings of Fishing Quality 
at Various Fishing Locations and Areas 
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*Quality ratings were based on a 5-point scale ranging from (1) very poor to (5) very good. 


Artificial Reef and Nonreef Angler Quality Attribute Ratings 
at the Tenneco II Artificial Reef Versus Fishing at Other Areas 
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“Quality rating comparisons between Tenneco IT and other fishing sites were based on a 3-point 
scale consisting of (1) Better at Tenneco II, (2) No difference, and (3) Worse at Tenneco IL. 
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Development and Production 
Platforms 
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Background 


ECOMAR, Inc. is a marine consulting firm 
specializing in field oceanographic and 
marine biological studies over the past 13 
years. 


For the past 8 years, we have been developing 
ocean farming (mariculture) on offshore 
development and production platforms in 
the Santa Barbara and Catalina Channels. 


Introduction 


The predominant fouling organism occur- 
ring on California offshore oil production 
platforms is the mussel Mytilus spp. This 
Shellfish, closely related to the oyster, scal- 
lop, and clam, is responsible for 80 percent 
of the growth on underwater platform struc- 
tures. This prolific and abundant fouling 
"pest" is a gourmet food item, presently under 
intensive mariculture in at least 10 countries 
worldwide. Mussels are extremely efficient 
energy converters, capable of producing over 
400,000 Ib (181,440 kg) of delicious meat per 
cubic acre per year. Since the oceanographic 
climate in California and the configuration of 
offshore oil production platforms provide 
some of the most optimal conditions for mus- 
sel growth, we have been developing this 


resource to produce a viable, new maricul- 
ture industry and economic resource. There 
are significant advantages to the operators, 
advantages which not only include food 
production but also the eventual elimination 
of platform biofouling cleaning costs, new 
platform permit mitigation, enhancement of 
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the public image of these offshore structures, 
and the potential elimination or delay of 
costly postproduction platform removal. 


Current Operations 


ECOMAR, Inc., sas spent many hours over 
the past years studying the biofouling pat- 
terns on offshore platforms for operators in 
the Southern California Bight. These studies 
were the genesis of our mariculture program. 


Through research we have found that the 
succession of fouling animals on newly in- 
stalled or recently cleaned plattorms 
progresses in a predictable manner. The first 
hard growths are barnacles and certain cal- 
careous worm tubes. 
are followed by Mytilus edulis, the bay mussel. 
[hese mussels form a homogeneous coating 


These encrustations 


two to four individuals thick within six to 
eight months after platform installation or 
cleaning. As time progresses, these initial 
settlers are outcompeted by the larger and 
more hardy mussel species, Mytilus califor- 
nianus. These eventually form very thick 
fouling growths one to two or more feet thick 
and eventually become overgrown with 
anemones and other epizoic hard and soft 
growths. 


Our present operations consist of removing 
mussels Mytilus edulis (when they reach the 
appropriate size), processing, sorting, and 
bagging for immediate distribution 


All of the equipment required for harvesting, 
sorting, and bagging is situated on the lower 
platiorm walkways and boat landings. The 
systems use rig air (150 Ib per square inch 
[68.0 kg/6.5 cm*], 50 cubic ft [1.4 m°] per 
minute) except for a self-contained, diesel- 
pow: red, dive air compressor. Divers scrape 
the year-old mussel accumulations trom all 
of the major members of the platform. As 
the accumulations are dislodged, they are 


conveyed to the surface by a large suction culture techniques for oysters, scallops, and 


hose. They exit this system and are run clams. The latter two are in the development 
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in the United States cannot be understated. 
America’s coastal bays and protected inlets, 
amenable to classical mariculture activities, 
are either in use or are too polluted. To 
expand, mariculture must move offshore. 
Without the offshore oil and gas structures, 
the development of viable techniques and 
species amenable to the implementation of 
open-ocean mariculture would be severely 
handicapped. 


[he growth of mariculture and its expansion 
into the open ocean are imperative if we are 
to have continued supplies of fresh, quality 
seafood in the coming decades. The wise use 
of existing offshore structures will sig- 
nificantly enhance and help ensure the 
growth of mariculture 
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association with the Harbor Branch Foundation 
Laboratories where he was awarded a Pressdcntial 
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Whatever the option to conventional plat- 
form removal, oil companies are now more 
inclined than ever before at least to listen. 
Multiple uses such as Meek’s commercial 
mariculture farming of West Coast platforms 
(Meek, 1987) are being tolerated by oilmen. 
In the not-too-distant past, multiple use 
would probably not even have been con- 
sidered. 


In addition to reuse or multiple use of exist- 
ing oil/gas production platforms, a surge of 
interest in placing new structures in the 
ocean for other uses has been noted (i.e.., 
Davis’ Florida offshore casino). Many alter- 
nates to oil and gas are economic offshore 
ventures, but right now under current regula- 
tions no Federal Governmental agency is 
available to license these commercial ven- 
tures. Much effort has been expended 
toward this end, but the fact remains that 
none exists. It is the author’s opinion 
that political/commercial/regulatory/en- 
vironmental interests are presently tuned in 
to the desirability of extending the U.S.A.’s 
development offshore as no time in the past. 


Catch 22 


If all the above interest is real and if many 
companies and individuals have attempted to 
Start new industries on offshore platforms in 
the past, why hasn’t it happened? The one 
element mentioned above, namely that no 
governmental agency is availubie to license 
such ventures, has in the end discouraged 
these developments. No one has been will- 
ing to invest the millions required to start an 
offshore venture without a written assurance 
from the government that it ts acceptable, 
and no agency within government has the 
authority to do so. The MMS can grant 
leases for mineral exploration/produc- 
tion/related activities but for no other 
purposes. The U.S. Army Corps of En- 
gineers can grant permits for artificial reefs, 


but as much as the MMS would like to, it 
cannot currently allow an offshore platform 
to remain intact as an artificial reef. 


With the above in mind, the author and a 
group of interested parties developed a 
scheme by which all parties can be satisfied 
and a venture other than oil/gas can be car- 
ried out on an offshore platform. Actually, 
the approach is not new; the West Coast 
mariculture project cited above is an ex- 
ample of how it can be done. The following 
sections describe a real venture that was car- 
ried through to the firm proposal stage. 


Sample Venture 


The key to a successful alternative (to 
oil/gas/mineral exploration/production) off- 
shore venture under todays i#ws in the 
U.S.A. is to continue to produce oil/gas while 
also doing the other venture. Multiple usage 
becomes the key. This idea was shared with 
three MMS Regional Supervisors (Leasing 
& Environment; Field Operations; and 
Production & Development) last fall and was 
encouraged. A group of individuals primari- 
ly involved in service companies supporting 
offshore operations, along with a person sen- 
sitive to environmental concerns, a person 
sensitive to political concerns, and a person 
with expertise in the alternate venture, was 
approached by the author. The enthusiasm 
of this loosely-formed group was enough to 
dare to approach a major oil company to see 
if the idea would be seriously received. This 
major oil company had an offshore complex 
of two platforms joined by a bridge, which 
they were expecting to become a candidate 
for salvage in the near future. The structures 
are only about six years old. Complete gas 
production facilities and utilities to support 
up to about 20 personnel rested on the plat- 
form. The 100 MMefd field had depleted to 
a noncommerical 1.5 MMcfd production rate 
and the major oil company could no longer 


justify the expense of maintaining the struc- 
ture and equipment. A presentation of the 
group's venture idea was made to the major 
oil company. 


In a nutshell, the group proposed that the 
major oil company transfer the entire 
property to the group. The cost to the major 
oil company would be far less than the aban- 
donment and salvage of the platform and 
wells. The group would continue to produce 
the small amount of natural gas and sell some 
to the pipeline and use some for the venture 
utilities. The group would enhance the exist- 
ing facilities to serve as a base for scuba 
diving and fishing. The expected attraction 
to the public is that the heliport makes the 
site less than a l-hour helicopter ride from 


Freeport. Freeport is already a jumping-off 


point for many offshore fishing and scuba 
trips. No longer would the public have to 
waste a majoriiy of their entertainment time 
in the long buat ride to clear water and good 
fishing. Even more attractive is the thought 
that people would not be seasick when they 
finally got on location. 


The major oil company listened attentively to 
the presentation. ‘Iwo concerns were ex- 
pressed: (1) How could they be assured that 
future liabilities for their company could be 
eliminated? and (2) Would it be possible to 
obtain insurance coverage to handle the 
tourist and production simultaneously on 
one offshore platform complex? 


After this initial meeting, these two concerns 
were addressed in earnest. First, itwas found 
that "farm-ins" routinely gained 100 percent 
of an offshore property. Sometimes the com- 
pany assigning the property even paid the 
assignee to take the property as part of the 
terms of the agreement. The land depart- 
ment of the major oil company had no 
problem with a 190 percent assignment of the 
property in question as long as it was to its 
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best interest and MMS would look favorably 
on the assignment. The MMS must be con- 
vinced that the new operator is reputable. 
One key element in this judgment is a 
$50,000 bond that must be posted naming the 
MMS as the beneficiary. 


The second concern was more easily ad- 
dressed, as one of the group members is an 
insurance broker dealing in offshore 
coverage. This matter was handled by ob- 
taining quotes for the coverage required for 
the multiple usage. 


Shortly after these concerns were addressed, 
the major oil company allowed the group to 
visit the site and then, along with several 
other companies interested in the property, 
to submit a formal proposal. The next sec- 
tion describes the venture group and its 
interests. 


Venture Group 


A broad spectrum of interests makes up the 
venture group. It was the author’s intent to 
involve individuals with complementary ex- 
pertise and company affiliation that are 
necessary in implementing the venture. 
Dana Larson of The Rigs-to-Reefs Company 
provides oil/gas experience along with a keen 
interest in environmental concerns. Jim 
Shaw of Houston Helicopters is a key mem- 
ber due to the importance of the helicopter 
in making the venture go. Mike Price of 
Houston Scuba Academy provides the 
marketing and alternate venture expertise. 
John Mahony of Universal Services repre- 
sents the offshore catering viewpoint. Jerry 
Deere, Republican Party chairman and 
chairman of the Rigs-to-Reefs committee of 
the Brazosport Chamber of Commerce, 
provides political insight. John Johnson of 
Oceaneering International is knowledgeable 
in subsea maintenance and platform salvage. 
Tom Knapik of Jardine Emett & Chandler 


& 


Insurance Brokers gives insight into in- 
surance needs. The author’s company, 
Petro-Marine Engineering, provides the 
project management and engineering skills 
necessary for the venture. Finally, Mike 
Doughty of Occidental Energy Company 
agreed to be the oil/gas operator for the 
group. The author’s brother John (an oil/gas 
service company lawyer) provides legal ad- 
vice. 


The group was very excited about the pos- 
sible venture. When it was formally invited 
to make its proposal, this excitement turned 
to the serious business of economics. 


Venture Economics 


Before a viable offer could be made, it was 
necessary to carefully examine the realistic 
costs and project the expected income to the 
venture. In addition, it was necessary to es- 
tablish which of the group members wished 
to be partners in the venture and which only 
wanted to provide a service to the group. 
Year | expenses and income estimates were 
developed using the group’s expertise. A 
summary of these projections is given in 
Table 2. As shown, a $130,000 profit is 
projected during the first year of operation if 
the major oil company pays the group to take 
the property off its hands and certain group 
members contribute approximately one-half 
of the value of their services to the group in 
payment for a prorated share of the owner- 
Ship of the venture. The individual 
contributions and resulting ownership per- 
centage are not indicated for obvious 
reasons, 


The following year’s expenses and income 
are projected in Table 3. As shown, the 
projected profit continues to be ap- 
proximately $130,000 each year. When 
considered as a percent of gross income, the 
profit is not especially attractive. However, 
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if considered in light of the polit: ..., environ- 
mental, and public service return, it seems 
quite attractive to the author. 


Summary 


This paper presents a method whereby under 
current laws an alternate commercial ven- 
ture can be established on an offshore 
platform. Although the sample venture was 
unsuccessful (the major oil company decided 
to relocate the facility to another location for 
its own use), the exercise showed that such a 
venture is certainly feasible. 
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71. CNG T/09/87 OCS-, 1974 EC 118 #4 YS] Cryoecnn 
Fracturing 
72. CNG 7/09/87 OCS-G 1974 EC 118 #4 9/87 Crvoveni 8 
bj mcluring 
73. CNG 7/09/87 OCS-G 1974 EC IIS #AS 9/87 Crvogcen ( 
Fracturing 
74. Mobil 7/09/87 OCS 0245 WC 72 #8 (4) caisson) 10/87 Explosive yy 
75. Texaco 7/09/87 OCS-G S038 29 #> 8/87 Mechanically 
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Table 2 
Venture Economics 


Year One Expenses 


Operator Bond $ $0,000 
Salvage Annuity $0,000 
Renovate Quarters 50,000 
Paint Structure $0,000 
Fence Production Equipment 20,000 
Scuba Ramp to water 10,000 
Elevator 20,000 
Advertising 40,000 
Rigs to Reef Pursuit 21,500 
Political/Financial Advice 21,500 
Project Management $4,000 
Helicopter Transportation $10,000 
Baseline Structural Survey 18,750 
Catering Expenses 104,400 
Insurance Coverage 161,200 
Boat Transportation 150,000 
Staff (Manager & Hand) $0,000 
Legal Fees 25,000 

Total Expenses —- $1,406,350 


Year One Income 


Gas Production (net after operator expenses) $ 120,000 
Scuba/fishing 562,500 
Food/bedding 120,000 
Venture Participation Contribution 421,750 
Major Contribution 250,000 

Total Income $1,543,250 
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Table 3 
Following Year's Venture Economics 


Expenses 


Salvage Annuity $ 50,000 
Expand Quarters (and continuing maintenance ) 100,000 
Project Management $0,000 
Helicopter Transportation 730,000 
Cate’; 210,000 
Insurarice 90,000 
Boat Transportation 200,000 
Staff 100,000 


otal Expenses = $1,530,000 


Income 
Gas Production (net after operator expenses) $ 120.000 
Scuba/fishing 1,124,000 
Food/bedding 360,000 
Rentals 60.000 
lotal Income $ 1.664.000 
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Rigs-to-Reefs in the North Sea 


Dr. Cordon B. Picken 
Dr. Alasdair D. Melnivre 
Department of Zoologs 
University of Aberdeen, Scotland 
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dition to international legislation. UK 
domestic legislation provides that the site of 
an abandoned of disused Structure shall be 
cleared ‘to the satistaction of the Secretary 
ot State 

It mav be concluded that the coastal state 


may make the final dec son on whethcr and 


how to remove uf installation but must ob 


serve a number of constraints. Since on the 
UK Continental Shelf alone the complete 
removal of platforms ts estimated to cost 


around $10.2 billion (£6,000 million) at 1984 


rices, a careful examination of the options | steel artificial reefs currently being con- 
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is Clearly important. 
The Options 


Assuming that a platform is no longer re- 
quired for its original function, there are 
several relevant options. It may be utilized 
in situ for some new function such as for 
marine scientific research, as a center for 
search and rescue capabilities, or as a com- 
munications facility. Among more novel 
possibilities are the use of platforms for 
seabed disposal of hazardous wastes or as 
part of an integrated vessel traffic manage- 
ment scheme. None of these options has 
been evaluated further because it is unlikels 
that any non-oil-related use could be suffi- 
ciently profitable or essential to warrant the 
expense of continuing platform maintenance 
in situ. Alternatively, the platform may be 
toppled to provide navigation clearance and 
then left to deteriorate on the seabed. Al- 
though this is a cheap option, it may well be 
unattractive to operators because of continu- 
ing legal liability. Partial removal is also 
cheaper and would involve removal of top- 
sides and the upper part of jackets. Removal 
material might be put on the seabed 
alongside the residual 98.4-131.2 ft (30-40 m) 
high “stub,” or it might be transported to land. 
The final option is to remove the structure 
completely, either dumping it in deep water, 
probably off the edge of the continental shelf, 
or taking it ashore, when parts of it might be 
salvaged and reused or sold as scrap. 


It now seems likely that all the small plat- 
forms in the southern sector of the North Sea 
will be removed completely. If the 40-odd 
large steel structures in the central and 
northern sector are partially or completely 
removed as well, the UK will be disposing of 
a considerable quantity of durable, high- 
grade steel, much of it already fabricated into 
open lattice-work components similar to the 
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structed by the Japanese. It is therefore 
Suggested that we have an opportunity well 
suited to a UK reef-building program. 


Artificial Reefs in the North Sea 


The Fishery Potential of Functional 
Platforms 


In the Gulf of Mexico the benefits to fisheries 
from operational platforms are fully recog- 
nized. A growing body of data confirms that 
installations in the North Sea also attract fish. 
Norwegian studies have shown that the den- 
sity of certain fish species was up to ten times 
greater close to platforms than in areas more 
than 1,640.5 ft (S00 m) away. In addition, a 
study initiated by the UK Offshore 
Operators Association and conducted by Ab- 
derdeen University Marine Studies Lid. has 
involved the analysis of fish activity seen on 
videotapes from subsea structural Inspec- 
tions. It is clear that fish are associated with 
all the structures so far examined in the 
North Sea. Twenty species have been iden- 
tified; the most common being saithe 
(Pollachius virens), cod (Gadus morhua). 
haddock (Melanogrammus acglefinus), ling 
(Molva molva), pollack (Pollachius pol- 
lachius), Norway pout ( Trisopterus esmarkii). 
long rough dab (Hippoglossoides plates- 
woides), Norway haddock  (Sahestes 
viviparus), and wolffish (Annarchichas 
lupus). It is believed that these shoals (fish 
schools) spend at least some time in the 
vicinity of platforms and that the prime at- 
traction is the reference point that the 
Structure provides. Shoals appear to be 
orrentated around or within a structure and 
may move around it in response to the undcr- 
water vehicle filming them, but they have 
never deserted the structure when disturbed 


In an attempt to determine if the operational 
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general. then. the prospects for fisheries 


tion that has not so far been adequately 
answered in the North Sea. 


In attempting an assessment of the possible 
advantages of these various options to fisher- 
men, we should note that the main effect 
would be to attract fish. The observations 
quoted earlier suggest that about 10,000 fish 
would be a reasonable holding for a large 
Structure, so with some 40 platforms avail- 
able, an associated fish population of about 
400,000 could be expected. Yet it can be 
calculated that, taking only the three species 
cod, haddock, and saithe, the number of in- 
dividuals over one year old in the North Sea 
would be of the order of 6 billion. Clearly, 
even if all the fish associated with the plat- 
form were "new" in the sense that they would 
not exist but for the presence of the platform, 
the enhancement of the stocks would still be 
insignificant. Two points may be added: 
first, that even for a small-scale wreck fishery 
this enhancement would not be attractive, 
since most of the platforms are too far from 
the fishing ports to make such an exercise 
profitable; and second, that a certain degree 
of contamination will have built up around 
the base of most oil platforms, and while the 
sediments will eventually recover, the situa- 
tion would not be encouraging for the 
establishment of demersal fishing close to 
the installation as soon as oil operations 
ceased. The conclusion is that most plat- 
forms left at their original site far offshore 
would have little to offer as artificial reefs. 


Reefs Constructed from Parts of Platforms 


The remaining option is the redeployment of 
parts of platforms at new sites as artificial 
reefs, and a large number of matters would 
need to be considered before such artificial 
ree{s become operational. On the legal side, 
the Secretary of State has wide powers to 
control fishing in coastal waters, so at the 
National level a mechanism is probably in 
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place to produce any regulations required. 
Local agreements would also be needed to 
ensure the proper management and opera- 
tion of the facility, and questions of 
ownership, legal liability, and navigation 
would have to be addressed. It is worth 
noting that although the exercise would be 
aimed at exploiting fish, the fishing industry 
may be far from unanimous in supporting it. 
The offshore section of the industry will not 
be particularly enthusiastic to see interest 
directed to coastal areas, and even among the 
inshore men, the fixed-gear sector would 
need to come to terms with the claims of the 
netsmen. 


Given that such administrative and manage- 
ment issues can be harmoniously settled, 
there are still many questions about the 
layout and effectiveness of the reef. Would 
the material available be free of contamina- 
tion so as to ensure taint-free fish? Would it 
remain intact long enough to be worthwhile 
without causing debris problems to other 
fishermen? Would the reef generate its own 
resident fish populations or would it simply 
act as an aggregator? What rate of fish take 
would be eppropriate? What gear should be 
used? In countries like Japan questions of 
this type have been asked and satisfactorily 
answered. In the different conditions of the 
North Sea we need to return to those ques- 
tions and, with this in view, the possibilities 
of a pilot reef are currently being discussed 
that would be designed to answer them. This 
project is known as SPARE (Scottish Pilot 
Artificial Reef Experiment) and it aims to 
establish and quantify the contributions that 
artificial reefs could make in Scottish waters 
of the North Sea by attracting fish to an in- 
shore site and regenerating fish stocks and 
viable fisheries at such sites. It will also 
demonstrate the reef technology that is re- 
quired in these inshore waters and will clarify 
the extent to which platform-related com- 
ponents make suitable reef modules. An 


acceptable site has been identified within 
three miles of the coast; a selection of ap- 
propriate reef components has been made, 
and the overall design of the reef has been 
agreed. The decision about materials and 
design were based on our experience and 
observations of fish behavior around opera- 
tional North Sea platforms. Negotiations are 
well advanced towards the financing of the 
project. With the existing pressure on com- 
mercial fish stocks on the Continental Shelf 
of western Europe, there seems little doubt 
that a new approach of this sort, which offers 
distinct promise, ought to be adequately in- 
vestigated. 
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Abstract 


Examination of 16 artificial reef structures 
with a two-person submersible in depths 
ranging from 98.4-393.7 ft (30 to 120 m) in- 
dicated that the highest numbers of fish are 
found around reefs in water shallower than 
150 ft (46 m). Fewer fish, especially those 
with tropical coral reef affinities, below 150 
ft was probably caused by a thermocline, ob- 
served on all dives deeper than 140 ft (43 m). 
During 4 days in September 1987, tempera- 
tures from the surface down to 
approximately 140 ft were 86°-88°F (30°-31° 
C). whereas below 140 ft the temperature 
dropped as low as SI°F (10.6°C) at 390 ft (120 
m). Algae and reef community encrusters 
(gorgonians, bryozoans, branching sponges, 
and corals), abundant on shallower struc- 
tures, were absent below 150 ft. 


Structures that penetrated above the ther- 
mocline, such as two upright oil "rigs" and a 
hopper barge, were also effective reefs. The 
open structure and high profile of the rigs 
enhance their use as artificial reefs by provid- 
ing a range of well-aerated habitats. Any 
effect of substrate or postdeployment age on 
fish abundance couid not be documented. 
Wood appeared to be a more effective fish- 
concentrating material but has a shorter 
useful life than does steel. The greatest 
diversity and numbers of fish were observed 
at the Miami sewer outfall. 
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Introduction 


Numerous derelict ships and other material 
have been placed off southeast Florida for 
the purpose of enhancing fish stocks and 
sportsfishing. These artificial reefs, in water 
depths ranging from 98.4 to 393.7 ft (30 to 120 
m), provide an excellent opportunity to ob- 
serve the relative effects of depth, 
temperature, substrate, and postdeployment 
age on local fish populations. Knowledge 
gained from study of selected reefs from a 
range of depths and on different substrates 
could provide information usetul for 
management and future placement of artiti- 
cial fishing reefs. In addition, the 
effectiveness of various kinds of materials 
and structure shapes could be assessed in 
such a study. 


A research submersible capable of diving to 
1,312 ft (400 m) was used to examine reefs as 
deep as 393.7 ft (120 m). For this short (Sep- 
tember 7-10) study, we developed a “quick 
and dirty" assessment technique (video 
profiling) that allowed the examination and 
comparison of 16 separate recfs and a sewer 
outfall (figure 1). The study does not employ 
Statistical manipulations, nor does it attempt 
to determine species composition and 
species-depth relationships. Population 
density and composition around various 
Structures were estimated from video 
records made during submersible dives. 
Visual observations and impressions apart 
from the video data, however, are considered 
equally useful for the purposes of this study. 


The structures examined included portions 
of five obsolete offshore oil production plat- 
forms (known locally as the Tenneco rigs), 10 
ships, a barge, discarded service station 
Storage tanks, and a sewer outfall. Two of the 
ten ships were composed of wood. The 
remaining structures, except for the sewer 
outfall, were composed of steel. The sewer 


outfall consists of an elongate mound of rock 
rubble covering a large trunkline that feeds 
four vertical effluent outlets approximately 
3.3 ft (1 m) in diameter and extending 11.8 
inches (30 cm) above the main trunkline. 
Although one does not ordinarily consider 
sewer outfalls as artificial reefs, this one was 
included because it concentrates both fish 
and fishermen. 


The words “concentrate” and "congregate" 
are used to describe accumulations of fish, 
whether the fish are drawn in from a broad 
area or are spawned directly at the reef site. 
Separating attracted fish from locally 
spawned fish is a difficult research problem 
not treated in this study. 


Methods 


The evaluation method consisted of identi- 
cal, continuous video transects conducted at 
all sites. The "video sweeps” were made with 
a hand-held 8-mm video camera inside an 
underwater housing equipped with a wide- 
angle lens and positioned against the 
starboard porthole. Two kinds of video 
sweeps were conducted, always in a clock- 
wise direction. The first base sweep was 
along the bottom with the contact between 
ship and substrate approximately in the cen- 
ter of view. The ship’s hull forms the 
backdrop; thus, all fish seen were between 
the submersible and ship. The second deck 
sweep was around the deck with the top of 
the deck approximately in the center of view. 
The submersible was kept about 26.3 ft (8 m) 
from each target structure during sweeps, but 
because of debris and dangling lines, unifor- 
mity of distance was not always maintained. 
Deckline sweeps were especially difficult be- 
cause the deck on most cargo ships seldom 
falls on a common horizontal plane. Some 
ships, such as the Star Trek or the hopper 
barge, were lying on their sides; thus, a true 
deckline sweep could not be made. Instead, 
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the most horizontal side of the ship or barge 
was treated as the deck. Many of the fish 
were beyond the deckline; thus, observations 
are nonuniform because an unknown sample 
volume is involved. The clearer the water, 
the greater the number of fish that might be 
counted. The species found in open water 
above and beyond the deckline were often 
different than those around the baseline. 
Underwater photographs of selected sites 
are shown in figures 2-4. 


Base sweeps of the Tenneco rigs presented a 
problem because the rigs touch bottom only 
at the four main corner pipes. Deck sweeps 
were easy to accomplish because the three 
Structures had horizontal decks with railings. 
Other parts of the structures were also ex- 
amined after the standard video sweeps were 
completed. Many more fish were seen than 
appeared in the video sweeps. 


Fish identification and counting from video 
images are not a precise method. Some fish 
tended to track the submarine and remained 
continuously in view. Such fish were usually 
obvious and were not counted more than 
once. In the case of large schools, many fish 
were hidden behind others and could not be 
counted. Such encounters were simply 
called "schools" of fish. Schools that con- 
sisted of very small, unidentified fish were 
called "bait fish.” Although not precise, the 
sweeps nevertheless were thought to provide 
a relative but crude measure of standing 
stock. Basic data, including depth, tempera- 
ture, postdeployment age, material, 
substrate, and length of ship, as wel! as video 
fish counts, are given in table 1. Appendix A 
provides other observations regarding kinds 
of fish seen. 


Submersible operations were conducted 
during calm, hot summer days from the 164.1 
ft (S0-m) R/V Powell. The S/V Delta, a 14.1 
ft (4.3-m)-long submersible certified to a 


diving depth of 1,312 ft (400 m), was 
deployed over the side with a hydraulic 
crane. The submarine is streamlined, with 
few protruding gadgets to become entangled 
in cables, nets, and other debris. Fortunate- 
ly, most loose lines and cables had been 
Stripped before the vessels were sunk, and 
there were no trawl nets. Lost fishing lines 
presented the greatest obstacles. Structures 
were remarkably easy to locate thanks to 
publicly available information provided by 
the Dade County Department of Environ- 
mental Resource Management. Artificial 
reef sites were located either by use of Loran 
C time differences (TD’s) or by visual lineups 
between various buildings, water towers, and 
smokestacks on shore. A buoy was deployed 
once the structures were seen on the 
fathometer. The submersible simply fol- 
lowed the buoy line to the bottom, where the 
pilot either searched visually or used an on- 
board sonar. Most sites were sighted visually 
as soon as the submersible reached bottom. 
Visibility was never less than 75.5 ft (23 m) 
and was often greater than 98.4 ft (30 m). 
Because of time limitation, sites were chosen 
SO as to evaluate a variety of structures, water 
depths, bottom types, construction materials, 
and postdeployment ages without wasting 
time during transit. There were many sites 
not visited because of time constraints. 


Results and Discussion 


In spite of variability inherent in our census 
technique, the counts, supplemented by 
other visual impressions, clearly showed that 
the most fish were on reefs in less than 147.7 
ft (45 m) of weter (table 1). The exceptions 
were the two deep Tenneco rigs that 
penetrate above the thermocline from ap- 
proximately 196.9 ft (60 m) to 141.1 ft (43 m) 
and the hopper barge, which rests in its side 
and spans the column from 164.1 ft (50 m) to 
approximately 128.0 ft (39 m). Wrecks on 
rocky substrate appeared, in general, the 


most effective fish concentrators, but in- 
variably they were in water shallower than 
147.7 ft (45 m). 


A thermocline was consistently encountered 
between 141.1 and 150.9 ft (43 and 46 m). 
Froin the surface down to approximately 
141.1 ft (43 m), water temperature hovered 
around 86°F (30°C), whereas below 150.9 ft 
(46 m) the temperature was around 66°F 
(19°C). At 393.7 ft (120 m) on the liberty 
ship, water temperature was as low as 51°F 
(10.6°C). Temperatures above the ther- 
mocline are probably lower during winter 
months. Temperature regime along the 
western margin of the Florida Straits is highly 
variable (Walforal and Wicklund, 1968). 
Temperature below the thermocline can be 
as cold in September as in February, and 
depth to the thermocline can change due to 
horizontal wave-like meanders and eddy 
shedding of the northward-flowing Florida 
Current (Lee, 1975; Lee and Mayer, 1977; 
Lee and Mooers, 1977). We believe the com- 
bination of depth (light penetration )and low 
tempeiature below the thermocline had a 
greater effect on fish populations than did 
the substrate, because below 150.9 ft (46 m), 
small bait fish and marine tropicals, when 
present, appeared to be torpid, and thick 
algal encrustations, encrusting corals, spon- 
ges, gorgonians, and bryozoans, abundant on 
shallower wrecks, were absent. 


The liberty ship (table 1 and appendix A), 
sunk in 393.7 ft (120 m) of water (figure 1), 
provided an example of extreme conditions. 
This was the only wreck where schools of 
amberjack (Seriola dumerilt) were absent. 
The most abundant fish were flounders 
(Bothidae) lying on the muddy sand sur- 
rounding the ship. There were no algal 
encrustations, only pelecypod molluscs. 


Two other ships, the Sir Scott in 219.8 ft (67 
m) of water and the Pioneer, surrounded by 


discarded service station tanks in 216.6 ft (66 
m) of water, were also relatively ineffective 
concentrators of fish. Amberjacks were 
present on both wrecks, however, and some 
large Warsaw groupers (Epinephelus nignitus) 
were seen (appendix A). The tanks sur- 
rounding the Pioneer were totally devoid of 
fish. 


On the other hand, shallow wrecks, in depths 
of less than 150.9 ft (46 m), such as Blue Fire, 
Ultra Freeze, and the Narwal, harbored huge 
schools of grunt, jacks (Carangidae), yellow- 
tail snapper (Ocyurus chrysurus), hogfish 
(Lachnolaimus maximus), mutton snapper 
(Lutjanus analis), and various species of par- 
rotfish (Scaridae). These ships were heavily 
encrusted with sponges, gorgonians, small 
corals, bryozoa, and abundant fleshy algae. 
Numerous fish bites were visible where fish 
had bitten algae from the underlying white- 
painted surfaces. These bite marks indicate 
that some primary feeders (i.e., herbivorous 
fish) were receiving direct sustenance from 
algae, which would not be present in deeper 
water. 


Two structures were composed of wood, an 
unnamed mine sweeper and the small 
trawler, Moby One. Even though the mine 
sweeper was in 196.9 ft (60 m) of water, it 
nevertheless harbored large numbers of fish. 
Both ships were badly deteriorated, especial- 
ly the mine sweeper, which had been 
immersed 195 months. Deterioration of 
wood produces numerous nooks and cran- 
nies, and the resulting debris is organic and 
consumable. Numerous wood-boring or- 
ganisms, eaten by many fish, also infest the 
decaying wood. In places the mine sweeper 
appeared to be held together by intertwined 
calcareous tubes of the wood-boring worm 
jvredo sp. Wood structures, because of the 
additional space and food they provide 
during decay, may override effects of depth 
and low temperature. The Moby One, in 98.4 
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ft (30 m) of water and immersed only 50 
months, was shrouded with schools of grunts 
(Haemulidae), gray snapper (Lutjanus 
griseus), and yellowtail snapper (Ocyurus 
chrysuriis) too numerous to count. The 
youngest artificial reef examined (17 
months) was the Narwal, yet it had greater 
concentrations of fish than many of the older, 
and especially the deeper, ships. There was 
no obvious meaningful correlation between 
time of immersion and number of fish 
detected in this study. Had there been reefs 
only a month or two old, there may well have 
been a detectable immersion time effect. 


The two deep Tenneco rigs and the hopper 
barge can be put into a slightly different class 
of reef because they span both temperature 
and depth zones. Three of the five Tenneco 
rigs sit in an east-west line in approximately 
98.4 ft (30 m) of water with their upper decks 
situated around $9.1 ft (18 m), wel! within 
scuba-diving depth. All three were visited by 
sport divers and spearfishermen during our 
dives. The center rig has a deck made of solid 
plate, whereas the other two have decks com- 
posed of steel grating. The grating was found 
to harbor numerous species of small marine 
tropicals. Seaman, Lindberg and Gilbert 
(1987) identified more than 45 species of 
typical reef-dwelling fish in and around the 
grating of these two platforms. There were 
noticeably fewer small tropicals on the plat- 
form with solid deck plating. 


Although these rigs were shrouded with fish, 
the fish were for the most part quite small. 
We suspect that hook-and-line and spearfish- 
ing tend to keep the populations of large 
edible fish to a minimum. Note in table 1 
that “normalized counts," given for 
shipwrecks, are not provided for the rigs. 


The two deep rigs were considerably dif- 
ferent than the shallow rigs. Because they 
rise from approximately 196.9 ft (60 m) to 


141.1 ft (43-m) depths, scuba divers seldom 
dive there, and anglers find it difficult to 
anchor. Instead of resting on rocky bottom, 
as do the shallow rigs, these rest on rippled 
sand. Currents, minimal during our dive, 
range as high as 3 knots at this site. Large 
edible fish, such as Warsaw grouper, snowy 
grouper (Epinephelus niveatus), mutton and 
Cubrera snapper (Lutjanus analis and L. 
cyanopterus), were sighted on the bottom 
beneath both platforms. Around the top at 
141.1 ft (43 m), there were barracuda 
(Sphyraena barracuda) and schooling amber- 
jack and within the legs numerous angel 
(Chaetodontidae) and triggerfish (Balis- 
tidae). The upper surfaces near the top ‘vere 
coated with algae. Algae were absent near 
the bottom below the thermocline. The 
video sweeps show only what was present on 
the bottom and around the top; however, 
numerous fish make use of the entire vertical 
extent of the structure. Large vertical struc- 
tures such as these make particularly 
attractive artificial reefs, as noted around oil 
rigs in the Gulf of Mexico (Shinn, 1974; Dit- 
ton and Auyong, 1984; Reggio, 1987). 


The hopper barge was similar to the rigs 
because it lies on its port side and has a 
vertical relief of approximately 39.4 ft(12 m). 
The open hoppers allow unimpeded water 
circulation. Algae and other encrusters were 
abundant on the high starboard side but al- 
most absent near the bottom at 164.1 ft (SO 
m). Fish were most abundant around the 
highest portion (appendix A). 


The Miami sewer outfall proved to be one of 
the more interesting sites. Although it was 
impossible to make comparative video 
sweeps, the numbers and variety of fish ob- 
served were greater than at any other reef, 
including natural ones. Schooling fish in- 
cluded French grunts (Haemulon 
flavolineatum), pork fish (Anisotremus vir- 
ginicus), spade fish (Chaetodipterus faber), 
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amberjack (Seriola dumerili), horse-eye jack 
(Caranx latus), blue runners (Caranx fusus), 
barracudea (Sphyraena barracuda), Ber- 
muda chubs (Ayphosus sectatrix), yellowtail 
(Ocyurus chrysurus) and grey snapper (Lut- 
janus griseus), and an occasional mutton 
snapper (L. analis) and hogfish (Lach- 
nolaimus maximus). Sting rays (Dasyatis 
americana) and cobia_ (Rachycentron 
canadum ), not seen elsewhere, were also ob- 
served. Typical tropical reef fish roamed the 
surrounding sponge- and algae-coated rocks. 
Damsels (Pomacentridae), rock beauties 
(Holocanthus tricolor), and both French 
(Pomacanthus paru) and queen angelfish 
(Holocanthus ciliaris) were common, to 
name a few. 


Why fish should concentrate there is not un- 
derstood. We attempted to observe feeding 
behavior, but no feeding could be detected. 
Fish never swam into the upwelling effluent. 
The brown translucent effluent (more than 
90 percent of the solids are removed at the 
treatment plant) consists mainly of fresh 
water that rises vertically. Effluent does not 
mix with sea water until nearly reaching the 
surface. The bottom 49.2 ft (1S m) of the 
water column surrounding the outlets is 
clear, and visually the bottom looks like that 
typical of coral reefs, except for the rock 
rubble produced during digging of the trench 
that contains the main pipe. All the school- 
ing fish appeared to be in an excited state, 
swimming rapidly back and forth. They may 
have been attracted by the sound of the rush- 
ing water, audible from inside the 
submersible, or by upwelling currents and 
turbulence created around the vertical ef- 
fluent streams. The effluent creates a boil at 
the surface, 98.4 ft (30 m) above, and be- 
comes entrained and diluted in the Gulf 
Stream current and carried northward. 
Fishermen avoid the boil (known as the “rose 
bowl") and downwind areas (usually the 
north and west sides) but anchor and fish the 


southern margin. Thus, although there is 
fishing pressure, it is slightly to the south of 
the main fish concentrations. Divers never 
dive there. 


Conclusions 


1. Artificial reefs off south Florida have 
higher observed fish densities if 
placed in less than 147.7 ft (45 m) of 
water. 


No 


Temperature and depth are most im- 
portant and probably override effects 
of substrate, although change from 
rock to sand closely coincides with the 
147.7 ft(45-m) depth contour and the 
thermocline at the time of our obser- 
vations. 


3. Structures with high relief (such as oil 
rigs) are effective in water deeper 
than 147.7 ft (45 m), especially if they 
extend through the thermocline. 


4. Wooden ships attract more fish than 
steel ships; however, they deteriorate 
more quickly. 


5. Immersion time greater than 17 
months has no noticeable effect on 
concentration efficiency. 
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Appendix A 
Tenneco 


|. Barracuda, numerous bait fish and 
marine tropicals in deck grating. Hog- 
fish near bottom. No schooling fish. 


Numerous pelagic fish (amberjack, 
barracuda, bar jack [Caranx ruber], 
blue runner [C. fusus]) and bait fish 
schools. Fewer tropicals than on Ten- 
neco No. 1. 


Schools of amberjack, bar jacks, bar- 
racuda, bait fish, numerous tropicals 
in deck grating. 

. Snowy grouper, Warsaw grouper, 
mutton and Cubrera snapper, and 


amberjacks present. 


. Snowy grouper, two large Warsaw 
groupers, and school of bait fish. 


Narwal 

Many schools of bait fish, bar jacks, and goat 
fish (Mulloidichthys martinicus). Saw one 
grouper. 


Rossmerry 


School of amberjack above wreck. Overall, 
few fish seen and no algae on hull. 
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Mine Sweeper 


Large school of amberjack and bait fish 
above wreck, schools of bait fish within 
wooden skeleton, two large Warsaw 
groupers. Ship decayed almost beyond 
recognition and visible portion is much 
shorter than 196.9 ft (60 m) when first sunk. 
Average elevation off bottom is 4.9 ft (1.5 m). 
Most intact part is transom which stands ap- 
proximately 8 ft (2.4 m) high. 


Liberty 


Morays (Muraenidae), flounder (Bothidae), 
and numerous crabs on mud bottom. Smal, 
slow-swimming bait fish along deck line. No 
algae on hull but encrusted with oysterlike 
bivalves. No amberjack, but some small 
groupers present. Warsaw groupers not 
seen, and water visibility was greater than 
108.3 ft (33 m). 


Moby One 


School fish (grunts and gray snappers) so 
numerous that counting was not possible. 
Amberjack and barracuda overhead. 


Hopper Barge 


Large school of amberjack, horse-eye jack, 
bar jack, gray snapper, barracuda, and abun- 
dant growth on highest part of hull 


Ultra Freeze 


Schools of amberjack and horse-eye jacks 
following submersible, several African pom- 
pano, two large jewfish (Epinephelus itajara) 
living in dynamited hole in port stern section 
(one approximately 150 Ib (68 kg), the other 
approximately 200-250 Ib [90.7-113.4 kg}). 


Siar Trek 


One large 85-lb (38.6 kg) Warsaw grouper 
and amberjack school above wreck. Ship 
lying on starboard side. Large school of 
horse-eye jacks (in side hull), bait fish 
schools, pompano, snapper, and two smaller 
Warsaw groupers also present. 


Sir Scott 


One Warsaw grouper. No schools of bait fish, 
but a small school of amberjack is present. 


Pioneer and Tanks 


Four Warsaw groupers at stern on highest 
point of ship. Amberjacks, but no bait fish. 
Tanks scattered around site were devoid of 
fish. Ship is lying on starboard side. 


Blue Fire 


Large schools of grunts (uncountable) and 
bait fish and many grunts inside hull. Several 
hogfish and small black grouper (Mycteroper- 
ca bonaci) on bottom near ship. Schools of 
amberjack and horse-eye jacks, three bar- 
racuda, numerous small yellowtail snapper 
swimming above wreck. Fish generally 
abundant. 
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Sewer Outfall 


At 100 ft (30.5 m) too dark for video. Abun- 
dant fish in vicinity of 4 vertical outlets 3.3 ft 
(1 m) in diameter. See text for list of species. 
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Figure 1. (A) Map of arca off Miami and Key Biscayne (Dade County), Florida, showing designated artificial 
reef sites (rectangles) and names indicating ‘ocations of structures examined in this study. Map is 
modified from location map provided by Dade County. (B) South portion of study area (map connects 
directly with north portion shown in A). The 150.9-ft (46-m) contour is shown by a dotted line. 
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{A) Submersible Delta resting on open mesh deck of Tenneco mg Sec figurc 1 for boc ation 


(B) View through forward ports of submersible Delta showing school of horse-cye jacks (Caranx latus) 
over deck of Ultra Freeze 


Figure 2 
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(A) School of grunts (Hacmulidac) over the wooden ship Moby One. 


(B) Horse-eye jack (Caranx latus around wheelhouse of Ultra Freeze. Two large jew fish (Epinephelus 
itajaara) occupy hull below wheelhouse. 


Figure 3. 
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(A) Portion of the highly deteriorated wooden mine sweeper at depth of 190.3 ft. (S8 m.). Note lost 
fishing lines. 


(C) Bow of liberty ship (depth 393.7 ft; 120m). 
Note encrustation of oysterlike pelecypods 
(Epinephelus nigritus) on mine sweeper. and general lack of fish. Four small unidentified 
"bait fish" can be seen just above bow. 


(B) Large Warsaw grouper 


Figure 4. 
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Table 1 


Basic Data for All Sites Examined 


(Under video profiles, fish counts for base and deck are given except where data were not available. To the right of 
the actual count, the column "Norm" is the normalized count or the actual count divided by the length of the sweep, 
which includes both sides of the ship [i-e., length of the ship x 2]. See Appendix A for comments.) 


Depth Video Profiles 
to Bottom Age Bottom Length Base Fish Deck Fish 

Site (ft) (m) Material (mo) Temp (°C) (ft) (m) Substrate Count Norm Count Norm 
Tenneco 

Rig | 100 30 Stecl 23 30 NA Rock 8 . 35 - 

Rig 2 100 30 23 30 NA Rock - - 55 - 

Rig 3 100 30 23 30 NA Rock - - 115 - 

Rig 4 200 60) 23 30 NA Sand 11 . 58 - 

=r" Rig 5 200 60) 23 30 NA Sand 26 - 17 - 
Ww 

Sewer 100 x NA - ot NA Rock see text see text 
Moby 1 100 30 Wood 50 30 75 23 Rock 100 . 100 - 
Blue Fire 110 33 Steel 56 30 175 53 Rock 38 10.8 83 23.7 
Narwal 115 35 Steel 17 30 137 42 Rock 91 33.2 55 20.0 
Ultra Freeze 120 % Steel 38 3” 195 59 Rock 75 19.2 75 19.2 
Hopper Barge 165 50 Steel 75 19 150 ae Sand 5 1.6 118 39.3 
Mine Sweeper 190 58 Wood 195 19 177 54 Sand 54 15.0 109 30.7 
Star Trek 210 64 Steel 62 19 200 61 Sand 9 2.2 12 3.0 
Pioneer & Tanks 215 65 Steel 49 19 195 59 Sand 3 0.7 9 2.3 
Sir Scott 220 67 Steel 33 19 267 81 Sand 14 2.6 22 4.1 
Rossmerry 240 73 Steel 23 19 195 59 Sand 31 7.9 video fail 
Liberty 390 119 Steel 136 10.6 450 137 Mud 15 1.6 
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Panel on National and International 
Possibilities and Concerns Related 
to Use of Petroleum Structures for 

Fisheries Enhancement 


Mr. Dana Larson 
The Rigs-to-Reefs Company 
Houston, Texas 


The world community is currently discussing 
various interpretations of the legal require- 
ments for removing redundant petroleum 
structures as presently mandated under the 
1958 Geneva Convention on the Continental 
Shelf and as proposed under the Law of the 
Sea Treaty. An estimated 6,000 petroleum 
Structures have been erected off the coasts of 
40 countries with an estimated removal cost 
of $25 to $50 billion 1983 dollars. The 
United States has some 4,000 of these struc- 
tures with estimated removal costs of $7.5 to 
$10 billion. These discussions are centered 
within the International Maritime Organiza- 
tion (IMO), which has the recognized world 
competence for setting standards for safety 
at sea and navigation. 


Several of the agencies within the United 
States Government’s delegation to the IMO 
deliberations were represented on the Panel. 
They included 


e@ Captain Geoffrey R. Grieveldinger, 
Judge Advocate General’s Corps, 
U.S. Navy, Department of Defense. 


Captain James Card, Chief of the 
Merchant Vessel Inspections and 
Documentation, U.S. Coast Guard, 
Department of Transportation. 


Gerald Rhodes, Chief, Rules, 
Orders, and Standards Branch, 
Minerals Management Service, 
Department of the Interior. 


e@ William S. Griffin, Jr., Manager of 
Capital Budget and Project Analysis 
for the Exploration and Production 
Group of Phillips Petroleum 
Company. 


The panel moderator, William P. DubosealV, 
Government Affairs Representative, Na- 
tional Ocean Industry Association, 
introduced the topic and speakers and en- 
couraged audience discussion. 


Captain Grieveldinger was the leadoff 
speaker and oriented the audience in regard 
to the complex background leading to the 
current discussions at the IMO Subcommit- 
tee on Safety of Navigation. The U.S. Navy 
has a great interest in national defense and 
surface and subsurface navigation. 


Captain Card reported that the U.S. Coast 
Guard’s involvement in the "Rigs-to-Reefs" 
effort is not limited to waters within the juris- 
diction of the United States. The Coast 
Guard’s responsibility to ensure the safety of 
navigation through the permit review 
process and its private aids to navigation pro- 
gram is important in carrying out the 
mandates set forth in the National Fishing 
Enhancement Act (NFEA) of 1984. liow- 
ever, as the agency acting as the official U.S. 
delegate to the IMO Subcommittee on 
Navigation, the Coast Guard also has the 
broader responsibility to present a position 
to that forum that will address the safety, 
economic, and environmental interests of 
the United States. 


Jerry Rhodes’ prepared statement em- 
phasized the support of the Department of 
the Interior (DOI) for converting selected 
Structures into artificial reefs as provided for 
under the NFEA. The DOI is concerned 
about the proper plugging of wells, the 
method of platform removal, and the impact 
of explosives upon endangered species and 


marine mammals. The Section 7 consult- 
ations emphasize the fact that a platform 
constructed for oil and gas production 
creates an environment that biological com- 
munities quickly colonize. The recent 
toppling in place of a platform as a permitted 
reef in South Marsh Island Block 146 was 
recognized as being one of a few such instan- 
ces that would occur in the Gulf. 


Bill Griffin presented a slide show depicting 
the worldwide distribution of structures by 
geography and by water depth, the evolution 
of development of deepwater structures, and 
the economics of installation and removal. 
Most of his talk centered on the exceptionally 
large North Sea structures and their as- 
sociated costs of removal. Oualy one 
Structure has been removed from the North 
Sea and the costs were eight times greater 
than the installation costs of 13 years earlier. 


After Panel members made introductory 
Statements, Moderator Bill DuBose allowed 


some questions from the audience. Perhaps 
the most interesting questions centered on 
allocation quotas. Captain Grieveldinger 
responded that the current draft IMO paper 
proposed a maximum platform retention 
quota of two percent. Upon further ques- 
tioning, he said the nations were currently 
discussing such issues as equitable means of 
allocating this two percent among countries, 
depths, purposes, economics, removal tech- 
nologies, safety, etc. 


Mr. Dana Larson is a retired Exxon employee who 
spent a large part of his career in environmental and 
regulatory affairs. In 1979 he was instrumental in the 
creation of the first preplanned oil and gas structure 
dedicated as an artificial reef off the west coast of 
Florida. Mr. Larson was responsible for the creation 
of the National Ocean Industry Association's 
Rigs-to-Reefs Committee and has served as its 
chairman since its inception more than cight years ago. 
In 1984 the Secretary of the Interior recognized him as 
the “Father of Rigs-to-Reefs" in America. Mr. Larson 
has been an international Rigs-to-Reefs consultant and 
holds the title of Vice President in The Riyzs-to-Reefs 
Company. 


As the Nation's principal conservation 
agency, the Department of the interior 
has responsibility for most of our nation- 
ally owned lands and natural 
resources. includes fostering the 
wisest use of our land and water re- 
sources, protecting our fish and wildlife, 
preserving the environmental and cul- 
tural values of our national parks and 
historical places, and providing for the 
enjoyment of life through outdoor recrea- 
tion. The Department assesses our en- 
ergy and mineral resources and works 
to assure that their development is in the 
best interest of all our people. The De- 
partment also has a major responsibility 
for American indian reservation com- 
munities and for people who live in isiand 
Territories under U.S. Administration. 
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